The rivers in the North West region are currently not truly in equilibrium and modest changes in their
dimensions and plan shape are discernable from year to year. Ongoing and new projects will induce
morphological responses and the rivers will "react" to the changes imposed. The reactions could take
the form of aggradation, degradation, changes in size or changes in plan shape.

The rate at which rivers will initially react to the works and the time which will elapse before full
readjustment is achieved will depend on many fictors including :

- the magnitude of changes in discharge

- the magnitude of changes in sediment. supply

. the nature of the bed and bank sediments

- the size of the river.

- the degree to which man-made constraints are apphed

A full analys:s of river morphology as affected by ongoing and new projects has not been possﬂ)le '
during the NW regional study. However, in the following sections of this report an indication is’

given of the time which could elapse before re-adjustment is achieved and what the nature of that re-

adjustment islikely to be. Full re-adjustment is attained asymptotically and will possibly by overtaken

by future works and hydrological events. Hence these data should be taken as gu:dance only

The time of 1'e-_adjustment-has been catego_r_:sed as follows :

- Rapid (Less than 20 years)
- Modest (20 to 50 years)

- Slow - (Greater than 50 years)

4.5  Morphological assessment for g¢ach Planning Unit
4.5.1 Planning Unit 1 : Thakurgaon

Present cona'mons

The main rivers in this Piannmg Unit are the Tangdon in the central part and the Karatoya / Atral in
the West. The Dhepa is a distributary of the Karatova / Atrai; upstreain of its offtake this river is
known as the Karatoya and downstream it is known as the Atrai. - Analysis of the Atrai-is included
in Planning Unit 2 : Upper Atrai. The Dhepa joins the Punarbhaba at Dinajpur. The Kardtoya /
Atrai and Punarbhaba orlgmate in Indla

. The area experiences inundation due to the flash tloods trom the upper reaches of the dramage
~ channels in India. These flash floods generate sprllage flows which lead to short duration inundation.

“The main problems. from flash flooding lie along the Dhepa and Punarbhaba. Damage along the
Tangaon is relatively minor indicating that this river is not susceptible to flash flooding. There are
problems of river erosion at Panchagarh town, which is threatened by the river Karatoya; a part of
the town has already been washed away by the river and the exlstmcr road bridge is under threat.

The geometry of the main rivers in Plannmg Unit 1 was obtamed trom cross-section supplied by the
SWMC durmg the first phase of the NWRS; these are shown in Table 4.1.






TABLE 4.1
Geomeiry of rivers in Planning Unit 1

River | station Depth (m) i ‘Top Width(m) | Slope (m/m)
Karatoya ‘Panchagarh 1 3.0 1 130 ) 0.0006
Atrai _ ‘Khanshama | 5.5 450_ 0;00038

Dhepa | Kantangon | 4.0 120 0.00044

Q}'—"L'ina_rbhéba._ - P'ra'nnagar o 35 ' 100 0.00024
Punarbhaba | Phulhat | 30 | o180 0.00041

'Tal'.ngacfn : -Thakatgaon_ 44 120 "0.00026.
Tangaon . .. Kodalkathi 25 1 60 | 0.00026.

Flond trequenues for the rivers in Planning Umt l “were obtained by dndlqu of dtsaharﬂe
~observations. Using the mean annual tlood caleulated by this hydrological analysis regime theory was
used to predict the regime width and depth ot flow mﬂether with the r_emme sl(,pe

In order to carry out these LdlLUldthﬂS a representatwe sedlment diameter is requ:red together with
an estimate of the sediment concentration, The SWMC have collected suspended sediment and bed
“sediment samples from some of the rivers in Planning Unit 1; these have been analysed to obtdm
sudlment LOﬂLEﬂtl’d[lUﬂ‘; and sedlment partu,le size distributions.

At Pcmc,hdvarh on the Kdrdtoya sedlment concentr ations of up to 600 ppm were medbured -at this
- station a repreqentdtwe sediment concentration of 500 ppm was assumed for the regime analysis. At

‘the other stations in Planning Unit 1 measured sediment concentrations were below 200 ppm; for
‘ thw, stdtions sedlm:,nt bomentratmns of 200 ppm were aqqumed in the regime analysis.

Andlysas of the bed sediment samples revealed Dy values which range from 0.23 mmto 0.4 mm; a
representdtwe sediment size of 0.4 mm was assumed for the regime analysis.. The regime channel
- geometry, given by regime theory %or the lmatmn\, inT Jble 4 I are given in Table 4.2.

i By mmpdrmn 01L the regime ueometry of the rivers in Plannmu Umt i w1th the observed geometry
' [he tullowmg LODL]U&IOH‘; can be drdwn

- . there will be a temiem,y for the tivers in- th:s P!anmn" Unit to bemme narrower.
- ~ most of the rivers in the Pldnnmg Unit will tend to become deeper.” '

- the Upper Purnahhabd and Tangaon: have a regime ‘slope which is steeper than the
observed sinpe I it is. assumed that the vaney slope for these rivers does not Lhange
there will be a tendem,y for these rivers to becomes straighter.

- _the remaining rivers in Planning Unit | have regime slnpes which are steeper than the
o observed slope. Tf'it is assumed’ that'the valley qtnpe ‘mr these rivers does not change
there will be a tendem,y for these rivers to become inore meandering. This result
may account for the fact that one ut the main pruhtexm in this Pldnnmg Unit is bank

erosion, - :






T ABLE 4.2
Regime geometry of rivers in Plnnnmg, Unit. 1

River Station MAF Depth (m) | Top width | Slope (m/m)
Kdratoya Panchagath B Y 4.1 124 | 0.00073
Atrai.. - Khanshama 1850 6.8 197 0.00032

| .Dhepa: Kantanagon 783 4.8 130 0.00034
Punarbhaba Prannagar 121 2.3 - 53 0.00042
Punarbhaba | Phulhat 1064 5.5 151 0.00033
Tangaon ‘ Thakargaon : 237 3.0 73 ] 0.00039
‘Tangaon Kadalhathi 264 32 | 76 0.00039

Inherent in regime theory is an assumption about the relative erodibility of the bed and bank material -
- and the form of flow distribution throughout the year. It could be concluded that for the rivers in the
Planning Unit the erodtbtltty of the bank material leads to river§ that are, generally, ‘wider ‘and
- shallower than the regime theory predicts. A contributing factor may also be the distortion of the’
tlow distribution brought about by spill flows in the area. :

Impact of extstzrtg deyvelopments

' _Tang()n Barrage Pr0|ec The 'Z'angaon Barrage is used to store water for irrigation during the dry
season. It will have a minimal effect on flood flows within the T angaon river and hence very little

effect of river morphology

urnabhaba embankment grole'ct_: The Punarbhaba embankment project could result in an increase
" in the discharge in the river because it reduces the spills. This could result in an increase in the depth
and width of the river together with a decrease in the regime slope. If it is assumed that the valley
' slope for th1s river does not change there will be a tendency for these’ rtver to become sinuous.

" There is cutrently a tendency for bank erosion on the Panarbhaba at Dmajpur It is ltkely that this

problem will become worse since regime analysis suggests that the Punarbhaba is likely to become
~more meandering. '

Impact of pmpased developments

Panchagarh town is. under threat from the Karatoya and part of the town has already been lfost through
. erosion. FAP-9A has proposed an integrated plan for flood contro! .drainage and river training to
counter this problem. The proposed scheme involves construction of tflood embankments along the -
Karatoya dramage tmprovement and constructlon of rlver tralnmg works

__Reglme analys:s suggests that the Karatnya at this locatlon has a tendency to become more
' meandertng, this suggests that the probIems at Panchagarh town are likely to betome greater.

Since the main problems in thls Plannlng Unit are due to. short duratton ﬂash ﬂoods it is felt that
general major structural works are not appropriate.
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475.2 Planning Unit 2 : Upper Atrai
Present conditions

The Atrai is the main river within this Planning Unit.  A' morphological assessment of this river
upstream of the Dhepa ofttake is covered under Planmng Unit 1; a morphological assessment of the
Atrai downstream of the Dhepa offtake is covered under this Planmng Unit.” The Atrai bifurcates at -
Bhushirbandar into the Atrai and Kakra rivers, which rejoin at Shamjiaghat. The Little Jamuna river
~originates in Dinajpur-district and flows southwards towards Joypurhat. This Planning Unit is not -
subjected to prolonged and deep flooding. The main problems are due to flash floods in the Atrai-
Kakra reaches.

The geometry‘ of the main rivers in Plan'ning'Unit 2 were obtained from cross-section supplied by the
SWMC during the first phase of the NWRS; these are shown in Table 4.3.

" TABLE 4.3

Geometry of rivers in Planning Unit 2

River

Station

Depth (m)

(m)

Top -width

Slope (m/m)

Atrai Bushirbanda 4.7 250 0.00033
Atrai Shamijiaghat 16 100 0.00022
| Little Jamuna | Phulbari 2.8 25 10.00023

In Planning Unit 2 discharge observations are only available at Bushirbanda on the river Atrai.
Hydrological analysis was used to estimate the mean annual flocd at this station. :

At other lo.catlons within Planning | Unit 2 analysis of the runoff results generated by the NAM model
was used to estimate the mean annual flood.

Usmg the estimates of the mean annua] flood at dlfferent locations, reglme theory was used to predict
the regime, width and depth of flow together wath the reglme slope.

- In order to carry out these calcuiatlons a representatlve sediment diameter is required together with
an estimate of the sediment concentration. The SWMC have collected suspended sediment samples
at Bushu:banda and bed sediment samples from this and some other locations in Planning Unit 2; these
‘have been analysed to obtain sedlment concentrations and sediment particle size distributions.

At Bushirbanda the measured sed:ment concentratlons were below 200 ppm; for all stations in
Planning Unit 2 sedlment concentrations of 200 ppm were assumed in the reglme analysis.

Anafys:s of the bed sample partlcle size distnbuttons show . that the dﬂ0 increases in a downstream
direction.” A representative value of 0.2 mm was used at Bushirbanda whilst at Shamjiaghat a value
of 0.5 mm was used in the regime analys;s The one bed sample taken from the Little Jamuna had

adw0f024mm






The regime channel geometry for the locations in Table 4.3 are given in Table 4.4.

TABLE 4.4
Reg,lme geometry 0f rivers in Planning Unit 2
River © | Station ' | MAF | Scdiment | Depth | Topwidth | Siope
o " size (mm) (m) (m) (m/m)
Atrtai | Bushirhanda | 890 0.2 8.3 (14" | 0.0001
Atrai | Shamjiaghat | 1003 05 4.4 168 | 0.0005
Littie Jamuna [ Phulbari - | 89 0.24 2.9 36| 0.0003

‘These results su'g est that there is a tendency for the upstream parts’ of the ‘Atrai to become deeper
and narrower, whilst regime theory suggests that the lower part of the Atrai will hecome shallower
and wider. Regime analysis also suggésts that the upper Atrai will become more meandering and the
lower Ati’dl strdwhter whereas the thtle Jamuna will tend to become wider.

'Impact af ewstmg a’eve!opmen!s

: The main FCD pro;et,n in this Pldnnmg Unit is the ‘Atrai- del’d FCD pmJeLt This pro_;ect ltes in the
area between the river Atrai and the river Kakra. The project is ongoing and is expected to be
complete in 199293, The regime anaiysu; results for Bushirbanda which suggest that the Atrai will’
become more medndermg indicate that therg may be bank erosion problems on the embankments of
the Atral Kakra pl'OjBL[ '

Impacr of proposed develdpments

The proposed dwelopments in this pldnmnu Unit involve the desilting of chiannels including the Little
* Jamuna. This will improve pre-monsoon drainage and during the monsocon season result in Tower
ﬂuud peaks. dnd quicker evacuation ot flood water.

Retrimb analysis suggests that the Little Jamuna is “in regime’. If this channel is desilted there will
be a tendency ior it to silt up dgam

AS tar as the dessltmg of ‘minor “drainage Lhdﬂﬂ&l‘i is concerned this will only have a long term
beneficial effected if the source of sediment is eliminated, :

4. S 3 Planmn;3 Unit 3 : Teesta right bank

' Present cond:twns

The mdm rive in’ th:s Planmng Unit is the Teesta which borders the Umt to the North The. mam
rwers ﬂowmg throuﬂh the darea are the Bun Teestd and Satiz both of these rivers are tnbutar:es of the

_Teebtd

' The main problems in this area are due to' ‘;pl“d(’e rrum the Tu,sta As well as causing damage within
the Planning Unit these spills contribute to flows in the Ghagot and Karatoyd rivers; the impact of
these spills on the morpholu;,y of the Ghdgut river is desmbcd in Chapter 1 1. In addition to spiilage
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from the Teesta there are some problems in both the Buri Teesta and Sati basins because of drainage
congestion when water levels in the Teesta are high.

' Impact of ex:stmg developments

Teesta Barrage : The Teesta barrage is one of the main features of the Teesta in this Planning in this
Planning Unit. A description of the impact this barrage wit have on the morphology of the Teesta
together with an analysis of both historic and possible future changes in the river’s plan form is given
in Chapter 11.

Impact of proposed developments

The only proposed development in thls Plannmg Umt is the sealing of the Teesta nght Embankment
- (TRE). The effect of this will be to ‘reduce damage due to spillage from the Teesta. It will also
eliminate the problem of the deposition of sediment which is carried by the Teesta spills. The sealing
of the TRE will not have an impact on ‘the morphology of the river Teesta. The sealing of the
embankment may result is a small rise in Teesta water level which could sllghtly increase the
‘problems of drainage congestion in the Burl Teesta and Sati rivers. :

If the TRE is sealed spllls through it w1ll not contribute to flows in the Ghagot and Karatoya
downstream. In general the resulting reductlons in discharge .in these rivers will result in them
becoming narrower, shallower and they will tend to follow a stralghter course '

Chapter 13 cohfains a detailed descriptlon of the 1mpact of sealmg the TRE on the morpholocy of the '
Ghagot river.

4.5.4 Planning Unit 4 : Teesta left bank
Presem‘ condiﬁons '

The main rive in th:s Planmng Unit is the Teesta whlch borders the Unit to the Soith. Two minor
rivers Shaniajan and Sati drain ‘the Planning Unit into the Teesta near Gaddimari and Kaunia -
respectively. Chapter 11 contains a detailed description of the morphology of the Teesta together with

analysis of both hlstoric and possxble future changes in the rivers plan form.

The main. problems in this area are due to spillage from the Teesta. This occurs because of active
erosion of the Teesta left bank. There has been significant erosion during the period from 1965 to
1991; this may in part be as a result of the morphological response of the Teesta to the construction
of the Teesta Right Embankment. In addition to spillage from the Teesta there are some problems in
“the Sati basin because of drainage congestion when water levels in the Teesta are high. Over land
flow across the India border carries & significant amount of sediment which results in the snltmg up

of mland dramage channels

' Impact of existing developments

Teesta Barrawe “The Teesta barrage is one of the main features of the Teesta in this Planning Umt
- A description of the impact this barrage will have on the morphology of the Teesta togethe1 with an
analy31s of both hlStO[lC and po‘:mble future changes in the river’s plan form is gwen in Chapter 11.







I;:tpact of proposed developments

The main development proposed for this Planning Unit is the strengthening of the Teesta Left
Embankment (TLE). The effect of this will be to reduce damage due to spillage from'the Teesta. It
will also eliminate the problem of the deposition of sediment which is carried by the Teesta spills.
The sealing of the TLE will not have an 1tnpact on the morphology of the river Teesta. The sealing
of the embankiment may result is a small rise in Teesta water level which could slightly increase the
problems of dralnage congestlon in the Sat; river.

Desilting of mternal drainage channels including the Sati river, is pmposed to 1mprove drainage in
the Planning Unit. These channels w;ll tend to silt up again unlese the source of the sediment in
eliminated. It is understood that much of this sediment comes from India and is carried by the cross
border overland flow. It is proposed to interrupt drainage paths by blocking road and railway culverts
and thus prevent this sediment reaching the main drainage channels. :

4.5.5 Plahniug Unit 5 Kurigram
Present conditions

This Planh:ng Unit is 'boun'de'd by the Jamuna and Teesta rivers in the East and South respecﬁvely _
The area is crossed by the Dharla and Dudhkumar rivers. The catchments of both of these rivers
extend mto Indla

This Plannmg Umt is mﬂuenced by the long -lasting, high water levels in the Jamuna which result in
backwater effects in the Teesta, Dharla and Dudhkumar This results in dramage congestion which
causes problems in. these areas. A further reason for drainage congestion is the insufficient carrying
capacity of some drainage channels. Problems from erosion,breaches and spills from the major rivers
are a major problem. Serious erosion occurs on the right bank of the Dharla and Jamuna, and the left
bank of the Teesta. Erosion is the main reason for breaches of flood embankments.

The geometry of the' _méin rivers which cross Planning Unit § were obtained from cross-section
supplied by the SWMC during the first phase of the NWRS; these are shown in Table 4.5.

TABLE 4.5

Geometry of rivers in Planning Unit 5

River- Station Depth (m) Top width (m) Slope (m/m)
Dudnkumar | Pateswari 6.0 475 0.00009
Dharla | Tulusksimulbari 3.0 300 0.00025
Dharla - | Kurigeam 6.0 650 0.00025

Flood frequenmes for the rivers 'in Planning: Umt 5 were obtamed by anaiysns of discharge

observations. Using the mean annual flood calculated by this hydrological analysis the regime theory

was used to pred:ct the reglme width and depth of ﬂow together with the regime slope. -
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In order to carry out these calculdtmns a repre‘;entanvc sediment diameter is required together with
am estimate of the sediment concentration. The SWMC have collected suspended sediment and bed
sediment samples from some of the rivers in Planning Unit; these have been "malysed to obtain
sedlment concentrations and sediment parm.[e size dlstnbutmns

The analysis of the suspended sadiment samplee showed a wide range of concentrations; these ranged
from less than 100 ppm to in excess of 1100 ppm. For the reglme analysis a representative sediment
concentration of 800 ppm was selected.

: Andlyms of the bed sed:ment samples revealed Dy, valugs whlch were gredter in the upstream reaches
of the rivers than in the downstream reaches. This is to be expected for the rivers of this Planning
Unit which flow-from relatively steep land tn India onto the plains in Bdngiadesh which have a much
gentler slope. For the upstream reaches a representdtwe particle size of 0.4 mm was selected.
Representative sediment sizes of 0.15 mm and 0.7 mm were selected for the ‘downstream reaches of
the Dudhkumar and Dharla respeutlvely

The regime Lhdnl’lbl oeomf,try given by regime theory for the lm,anons in Table 4.5 are gwen in
Table 4.6. -

Re(nme dﬂdf)’Sl‘i suggests thdt the main rivers in Planning Unlt 5 will become deeper and narrower,
The regime analysis also shows that the regime slope for the rivers is steeper than the present slope;
‘this implies that the rlvers wﬂl attempt to become straighter. :

TABLE 4.6
Reg,ime geonietry of rivers in Pl.mmng Unit 5

River ~ | Station 'MAF (ms) | Depth (m) | Top width (m) | Slope (m/m)
‘Dharla | Tulusksimulbari 1912 5.2, 176 0.00100
Dharla Kurigram 3627 7.1 170 0.00045
‘Dudhkumar | Pateswari 4645 6.9 138 0.00034

Impact of e.tisrihg de velopme:zts

'Kurwram Town Pmteutlon Kur:gram town is tmdted on the right bank of the Dharla. Bank erosion
‘appears to be a pdrmu!ar problem at this location. Kung,rdm is situated on the inside of a large bend
in the Dharla river. Regime analysis suggests that this river is attempting to become stralghter this
" may be the explanatmn for the serious bank erosion problems at Kuarigram.

Kurigram North Unit dnd Kurlgram Suu{h Unit FCD project : The result of these pro;et.ts will be the
-'almost Lompieted embankment of the Dharla criver. The impact ot this is likely to be an increase in

discharge which will result in the river beu)mmg deeper and wider; it is also likely to follow a more
: meandermg course. which could further wncrease the problem of bdnk erosion.

lmpact of pmposed developments

The pruposed developments in this Plamng Umt are the mmplenon of the projects which are already
under way. The nmrpho]nz,u.al !mpdut% of these projects is du.ulhed above,
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4.5.6 Planning Unit 6 : Upper Karatoya
Preserzt canditions

This Planning Umt comprises lhe area to the west of the Ghagot and Alai rivers as far as the
Parbatipur-Saidpur railway. The main rivers flowing through the Planning Unit are the Karatoya
together with its tributaries the Jamuneswari and Chikli.

There are  fow areas in this Planning _Umt,whe_re prolonged and deep flooding regularly occurs. The

- problems which do occur are mainly as a resuit of spiflage from the Karatoya; this appears to have
caused extensive damage in the Planning Unit in every year since 1984. One of the reasons for
spitlage from the Karatoya may be that the flow in this river has increased as a resuit of spnllage from
the Teesta through breaches in the Teesta right embankment. ‘The greatest flooding problems in this
Planmng Unit occur in the Middle Karatoya between Siraj and Mohlmaganj

The geometry of the_ main r;vers which cross Plannmg Unit 6 were _obtamed from cross-section
supplied by the SWMC during the first phase of the NWRS; these are shown in Table 4.7.

TABLE 4.7

Geéometry of rivers in Planning Unit 6

River _ Station Dépth (m). Top width (m) Slobe (m/m)
Jamuneswari Badarganj 5.2 80 . 0.00039
Karatoya Siraj 38 300 0.00013
Bangali ‘Mohimaganj 5.0 130 0.00013

Flood frequonmes for Badarganj and Mohlmaganj were obtained by analysas of dlscharge
observations. At Siraj the mean annual flood was estimated from analy51s of the results of the NAM
rainfall-runoff model results. Using these estimates of mean annual flood the regime theory was used
10 pred:ct the reg:me width and depth of flow together with the regime slope.

In order to carry out these calculatlons a representauve sediment dlameter is required together with
an estimate of the sediment concentration. The SWMC have collected suspended sediment and bed
sediment “samples from the Karatoya river; these have been analysed to obtained sediment
concentratnons and sediment particie size distributions.

“The analy31s of the suspended sediment samples showed a range of concentratlons from less than 30
“ppm to in excess of 500 ppm. For the regime analysis a representatwe sediment concentration of 300
- ppm was selected. The particle size analysis of the- Karatoya river bed samples revealed a dg, size of

between 0.17 and 0.195 mm; a representatwe sediment size of 0.2 mm was used in the regime

analysas

© The regime channel geometry, gwen by regime theory, for the locations in Table 4.7 are given in
' -‘Table 4.8.






: TABLE 4.8
Regime geometry of rivers in Planning Unit 6

River - ‘Station | MAF m¥s) | Depth (m) Top width (m) | . Slope (m/m) |
Jamuneswari Badérganj 413 5.7 5 0.00016
Karatoya Siraj 500 6.2 82 0.00016
Bangali Mohimaganj 620 6.8 91 0.00015

From the regime'analysi's the following conclusions can be drawn,
- at Badarganj the top width and depth of the river is ‘in regime’.

- at Siraj and Mohimaganj there will be a tendency for the river to become narrower
' and deeper. - ' '

. at Badarganj the regime slope is gentl'er than the observed slope. At this location the
river is likely to-become more meandering. '

- atSirgj and Mohimaganj the regime slope is very silhilar‘ to the observed stope which
suggests that the Karatoya is “in regime’ at these locations, _ C

Details of the morphologj? bf .the Ghagot and Alai rivers are given in Chapter 1. The impacts the
developments proposed for the Gaibandha project area will have on the morphology of these rivers
are described in Chapter 13, ' '

Impact bf existing developments

Karatoya FCD project : The Karatoya Flood Control Project is an on-going project situated on the
left bank of the Karatoya river. As part of this project an embankment will be constructed along part
of the left bank of the Karatoya. This embankment would result in an increase in the discharge in the
river; the morphological response of the river would be an increase in both depth and width. If there
is a significant increase in discharge the regime slope of the channel would decrease. If it is assumed
that the valley slope does not change this would result in an increased tendency for meandering.

Impact of proposed developments

Proposed developments for other Planning Units would result in the sealing of the Teesta Right
" Embankment, Since part of the flow in the Karatoya originates from Teesta spills this would lead to
‘a reduction in flow in the Karatoya. The morphological response to this change would be a tendency
to become shallower, narrower and to flow a straighter course. '

=T}‘ae'- ni_zﬁn proposed development within this Planning Unit is full FCD on the left bank of the
Karatoya from to'Mohimaganj together with the Bangali Floodway. This development would reduce
spills from the Karatoya and also improve drainage from the basins on the left bank of the river. An

assessment of the morphological impact of the Bangali Floodway is given in Chapter 8.






4.5.7 Planning Unit 7 : Gaibandha

The river systems in this Planning Unit are modelled using the Gaibandha Improvement Pro;ecf model

as described in Section C of this report. The morphology of the present river system is described in

Chapter 11. The 1mpdct that proposed deve!opments will have on river morphology are described in .
Chapter 13. i3

4.5.8  Planning Unit 8 : Midd!e'Banga!i basin

The river systems in this Planmng Unit are modelled using the sub-regional model. this mode]hng
is described in Sectlon B of this report.

The impact of sealing the BRE on the morphology of the Middle Bangali ‘is described in Chapter 6.
The impact that proposed developments will have on river morphology are described in Chapter 9.

4.5.9 Planning Unit 9 : Joypurhat
Present condi:tiarfs

The'm'ai'n rivers flowing through this P!aﬁnnﬁJ Unit are the Little Jdmﬁnd tooe'thef with its left bank
tnbutary the Tulsiganga, the Atrai and the Nagor. This Planning Unit contains the upper reaches of
_ the Lower Atrai after thﬂ river has re-entered Bangladesh from the Indian enclave.

Serious’ and prolonged ﬂoodmg does not occur in this Planning Unit, There is some crop damage as

- a result of spills trom the Little Jamuna to the North of Badalgachi. An additional flooding problem
oceurs as 4 result of overland flow trom India, The source of this water is probably spills from the
Atrai in the Indian enclave "

"The geometry ot the ‘main rivers which cross Planning Unit 9 were obtained from cross-section
' supphed by the SWMC during the first phase of the NWRS these are shown in Table 4.9,

TABLE 4.9
Geometry of rivers in Planning Unit 9
River | ~Station - Depth (m) '- Top width m) | | Slope (m/rm)
Tulsiganga | Sonamukhi : 6.0 60 0.00011
L. Jamuna Badalgachhi - : iS.f) : 120 : 10.00015
LoJamuna Naogaon | g0 | | 80 - O.GOObé
Atai | Mohadevpur 7.8 160 0.00005

-Flnud trequenues for Naogaon and Mohadevpur were obtained hy dndlySI‘; of dmharue observations.
At Badalgachhi and Sonamukhi the mean annual flood was estimated from analysis of the results of
the NAM ramtdi! runoft model results. Using these estimates of mean annual flood the theory was
used to predu,t the regime width and depth of tlow together with the regime 5E0pe






In order to carry out these calculations a representative sediment diameter is required together with
an estimate of the sediment concentration, The SWMC have collected suspended sediment samples
at Sonamukhi and bed sediment samples from the Little Jamuna river; these have been analysed to
obtamed sedlment concentrations and Sedlment partlcie size dlstnbuttons

The analy51s of th'e_suspend_ed sediment samples showed concentrations of less that 100 ppm; for the
regime-tanalysis a representative sediment concentration of 200 ppm was- ‘selected. The particle size
analysis of the Little Jamuna river-bed samples revealed a Dy, size of 0.22 mm; a representative
- sediment size of 0.2 mm was used in the regime analysis.

The reglme channel geometry, given by reg:me theory for the locations in Table 4.9 are given in
Table 4.10. :

TABLE 4.10

Regime geometl_'y of rivers in Plunning Unit 9
River { Station MAF '(m;‘ls) Depth (m) Top Width (m) | Slope (m/m)
Tulsiganga | Sonamukhi st 39 47 0.00016
L. Jamuna | Badalgachhi 8 | 51| e 0.00014
L. Jamuna | Naogaon - 438 6.2 | .80 : 0.000!_3
Atrai - Mohadevpur 7 SR B ¥ 9 ~0.00011

From the regime analysis the follo'wing coriclusions can be drawn,

- at Sonamukhi the Tulsiganga river will shown a tendemy to be come shdllower and‘ '
parrower. :

- the Little Jamuna at Badalgachhi will shown a tendency to become narrower,

- the Little Jamuna at Naogaon is likely to become shaliower. The regime SlOpt, at this
location is steeper than the observed slope: this indicates that the river is hke!y to
become straighter.

e 'the“Atra‘i:a_t -Mohade'\}'pu'r shows a tendency to become deeper and shallower. the
regifne slope at this location is steeper than the observed slope; this indicates that the
river is likely to become straighter. :

Impact of exzstmg development :

'Tuhh:ganga Prmec This pinect mvolw.d oonstrmtlon of emhankm&.ntx anng parts of the Litt!e
- Jamuna and Tulshlgdngd rivers. These emhankments prevented spills from the rivers. These
_embankments, by prwentmg ‘;pllls would result in an increase in the dssohdrge in the rivers; the
morpholognal responsg of the. river wou[d be an increase in-both depth and width. If there is a
_significant increase in discharge the reg:me slope of the channel would decrease. If it is a assumed

that the val!ey slope does not x,hange this would result in an mureased te,ndem.y for meandering.
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'I‘ulshr an _em nkmen roject Aﬁer the completion of the right' embankment of the

Tulshiganga thls project was initiated to construct on embankment on the left bank to prevent spills.
This embankment will have a similar impact on the river morphology as the right embankment of the
Tulshiganga.

Impact of proposed developments

Serrous and prolonged flooding does not occur in this Plannmg Unlt no major developments are
proposed

On the right bank of the Little Jamuna upstream of Badalgachhi crop 'darnage is relatwely severe;
further embanking in this area may be necessary. Any embankments could result in an increase in
both depth and width together with an increased tendency for meandermg

4.5.10 B'arind 'I‘ract
Present conditions

This Planning Unit consists mainly of elevated land. There are no major rivers which flow through
the Planning Unit. The Planning Unit is bounded in the South by the Ganges, in the West by the.
‘Mohananda and. in the East by the Atrar and the Shib. The northern boundary of the area is formed
by the Indian border :

Since this area c'onsrsts of elevated tand there are no tlooding problems as a whole. The problems are
flooding of a strip along the Shib river and drainage oongestron on the north side of Chalan Beel
Polder D, in the eastern area of the unit, these problems are because dramage channels were
: mterrupted by the western embankment of Chalan Beel Polder D.

' Impact of exzstmg de velopments

The dramage of flood waters across Polder D and the flooding from the Shib river in the eastern part
of the Barind Tract are being considered in the sub-regional model. the present river morphology of
the area is described in Chapter 7;  any impacts that proposed developments will have on river
morphology are described in Chapter 9.

: Impact of proposed developments :

The proposed developments in thrs Planning Unit relate to rmgatron rather than flood protection and
drainage; these projects are unlikely to have an impact on river morphology.

4, 5 11 Plannin.g'Unit 11 : Mohananda Basin.
Present condmons

' The north and western boundary of the planmng unit is formed by the Indian border. The eastern
boundary is formed by the elevated land of the Barind Tract. The Ganges (Padma) forms the southern
boundaty of this planning unit and the Mohananda is the prmctpal river which bisects the planning
unit in a north-western direction. The other rmportant river is the Pagla which meets the Mohananda
river near Mohanpur The Punarbhaba river enters the planning unit in the north-west corner and
joins the Mohananda river. All the rivers fiowing through [hlS un;t originate from outside Bangladesh
and bring most of their ﬂows from there






Beels areas onthe right bank of the Mohananda river suffer from ﬂoodlng mainly due to spitlage’
from the Mohananda and Pagla rivers are mainty responsible for this flooding. Runoff from higher
land is the main source of this spillage water. The flood water levels of the Mohananda in the lower
reaches are strongly influenced by the backwater effect of the Ganges. Drainage congestion in these
areas is a problem. = :

The geometry of the Mohanandé river at Godagari was ohtai_ned_,fr()m a cross-section supplied by the

SWMC during the first phase of the NWRS; this geometry is shown in Table 4.11.

TABLE 4.1
Geometry of rivers in Planning Unit 11

River Station Depth (m) | Top width m) | Slope (m/m) "
Mohananda | Godagari 16 S 300 0.00014 I!

: Flood. fréquericieé at Godagari were obtained by analysis of discharge bbserVétlons Using this _
estimate of mean annual flood the regime theory was used to predict the regxme width and depth of
flow together with the regime slope. :

There are no observations of sedlment concentration or sediment size for the Mohanda river. A
“sediment concentratlon of 200 ppm and a representative sediment size of 0.2 mm were assumed for
the regime analysis.

The regime channel geometry, given by regime theory, for Godagarl on the Mohananda rlver is glven
in Table 4.12.

TABLE 4.12
Reg:me geometry of rivers in Plannmg Unit 11

River | Station | Depth (m) “Top width (m) | Slope (m/m)

Mohananda Godagart- 6 | 254 10.00078

From the regime analysis the following conclusions can be drawn,

- .the Mohananda river will shown a tendency' to become narrowet.
- the regime slope of the Mohananda river at Godagari is gentler than the observed
' slope thls mdlcates that the river will show an increased tendency to meander.

Impact of extstmg development

“The exlstmg developments in this plannmg unit c0n51st of a number of small FCDldramage schemes
Each of these schemes consists of flood embankments together with drainage improvements. The
résults of these schemes have been the embanking of considerable reaches of both the Mohananda and
Pagla rivers. These embankments, by preventing spills, would result in an increase in the discharge
in the rivers; the morpholog:cal response of the river: would be an mcnease in both depth and width.
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It there is a significant increase in discharge the reglme slope of the channel would decrease. If it is
assumed that the valley slope does not change this would result in an lncreasod tendency for
meandering.

Regime analysis suggests that the Mohdnanda has a. téndency to become more meandering. This
combined with the impact of embanking which w:llrfurther increase the tendency to meander could
result in erosion problems on the flood embankments:

Rises in water level in the Mohananda which could result from embanking may mcrease the problems
of drdmage Longestion further.

Impact of proposed development' . : .

The proposed developmems for this area LonSlSt of either tull or partial embankments on tht. right
bank of the Mohananda to prevent spills into the beel areas. These embankments, by preventing spills,
would result in an increase in the discharge in the rivers; the morphologu.al response of the river
would be an increase in both depth and width. If there is a significant increase in discharge the regime
slope of the channiel would decrease. If it is'assumed that the valley slope does not change this would
result in an mn,reased tendency for medndor:ng

Regime analyms ‘suggests that the Mohananda has a tendency to become more meandermg this
combined with the impadt of embanking which will further increase the tendency to meander could
result in erosion prohlems on the flood embankments.

Rises in water level in the Mohananda which could result from embanking may increase the problems
~ of drainage congestion further.

4.5.12 Planning Unit 12 : Lower Atrai Left bank

The river systems in thts Pldnmng Unit are modelied using the sub-regional model. this modelling
is described in Seutlon B ot this report.

The present river morphology in thlS planning unit is described in Chapter 7. I' he impact that
proposed developments wifl have on river morphology are described in Chapter 9.

4.5.13 Plﬂnmng Unit !3 : Lower Atrai right bank

The river systems in th;s Pldnmng Unit are modelled using the sub-regional model. this modelling
is described Section B of this report.

The present river morphology in this p!an'ni'ntI unit is described in Chapter 7. the impact that proposed
developmems will have on river morphology are described in Chapter 9.

* 4.5.14 Planning Unit 14 : Lower .Bzmgu_h basin

Tho.'r_iver systerrls in this Pla’nni'ng.Unit are modelled using the sub-regional model. This modelling
is described in Section B of this report,
The preseht Fiver 'rr':'dtphology'in this planning unit together with the impact that sealing the BRE

would have on morphology, is described 'in Chapter 6. the lm[)dl.t that proposed dw;lopmﬂms wili
have on river morphology are described in Chapter 9,
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4.5.15 Pl_ainning Unit 15 : Pabna
Present conditions

This planning unit is bounded on two sides by major rivers, the jamuna and Padma. the northern
boundary of the unit is formed by the Baral. The internal drainage of the unit is from west to east and
compnses the Chlknal Ichamati and Atrai rivers. :

Floodmg in this umt has been reduced sngmﬁcantly by the construétion of the main embankments
around the area. Currently flooding is experienced through spillage of water from the River Ganges.
Dramage congestion is also experienced because of the long lasting high water levels in the major
rivers; this problem is partly alleviated by pumped drainage at some locations.

Impact of existing devefopment

The present developments have effectively eliminated the ﬂoodmg problems in this unit by reducing
the spills from the major rivers. This will have resulted in the reduction in discharge in the internal
rivers. The morphological response of the rivers to this will be a téndency to become shallower and
narrower, and to follow a stralghter course.

Impact of propased developmen!s '

The proposed developments for this umt mvoive the complet:on of ﬂood embankments on the
northern and western sides. this will lead to a further decrease in the discharge of the internal rivers.
The morphological response of the rivers to this will be a tendency to become shallower and
narrower, and to follow a straighter course. :

Comp]ete embankment of the unit could further increase the problem of dramage congestion due to
high water levels in the major rivers which bound the unit.
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CHAPTER 5 :
DEVELOPMENT AND CALIBRATION OF THE SUB-REGIONAL MODEL

51 !ntroduct:on

This Chapter covers the development and callbratlon of a sub reglonai model” of the North West
‘Region. The model covers the Lower Atrai and Middle/Lower Bangali river basins, see Figure 2.2,
Initial development of the sub-regional model was undertaken at the SWMC jointly by SWMC and
FAP-2 modellers Flna! development and callbratlon was undertaken by the FAP-2 modelhng team

The model was cahbrdted for the 1990 and 1991 flood seasons. Much greater emphasis was placed
on the latter flood season since this was the year with the best topographlc and hydrologic data; most
was also known about the flooding regime in this year together with the location of breaches and cuts.
1In a hydrological context 1991 was a reasonable high flood year. Additional verification of the model
was carried out by simulating the five year pertod between 1985-89.

Slnt.e the model was calibrated agdmst ﬂood season water leve!s and flow rates it can-only be used
with confidence to study developments under these conditions.  If a study which required the
investigation of lower water levels and flow rates were requtred the suitability of the developed model
to simulate these eondlnom mast be reasse'ssed :

Foilowmg the eahbrdhon and verification of the'model it was used in the 25 year simulation run for
a future "without! projeet condition; this simulation is reported in Chapter 7.

5.2 Sub-regional model development
5.2.1 Development at the SWMC

The NWRM modelling group at the SWMC began work on their full sub-models of the North West
region foilowing completion of the pllot model calibration in late 1991, As with the pilot modeis
their philosophy was to develop the models as a number of sub-models of the region. Once
calibration of the sub-models is achieved they will then be inter-connected to produce a todel of the
entire north west region and final calibration undertaken on this combined model.

To support the upg grade of the models from pilet to full model stages there has been additional cross-
sectional surveys and, as in previous years, additional coliection of hydrometric data to supplement
the BWDB data collection programmes. The additional cross-sectional information was used to
increase the resolution ot the models and to include river branches whth were omitted from the pilot

motlel set-up. -

The SWMC have been workmg on the full models since. ldte 1991 In order to: maintain close links
and to assist in the overall development of the models FAP-2 prowcled a team of modellers to work
“alongside the SWMC team. Joint field visits were carried out with SWMC statf and FAP-2 hydraulic
modellers in order to increase understandmfr of flooding in the North West region. In addition FAP-2
dlso provnded a eomputer system to ‘;upplement the SWMC t.omputer network

By mid-March 1992 mltaal Ldllbrdl’lon of sub- mo(lels whu.h covered the foliowing areas had been
t.dr['led out; :

- Lower A[l’di bdsm (the Atrai sub model) _ -
- Mlddle and Lower Bangall basin (the Link sub- model)
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5.2.2 Further developments by FAP-2 modelling team

Tk%r_ough;ou't the initial dev.elopment'of' the North West Regi'onai_ Model the SWMC téam have been
using the Unix based version of MIKE11. On the NWRS, however, it was selected to use the DOS
version as this has been fully developed and well tried and tested on many applications.

Because of timeé constraints within the North West:Regional Study the FAP-2 modeﬂing team refurned
to the FAP—Z offices in mid-March 1992 to continue calibration of the sub-regional model.

The developments by the FAP-2 modelling team consisted of combining the Atrai and Link sub-
niodels into a sub-regional model and then re-calibrating this model.

53 Sub-regionai' model set-up
5.3.1 The sub-regional model area

The sub-regional model covers the Lower Atrai and Middle/Lower Bangali river basins, The upper
boundary on the Bangali was taken as Mohimaganj and along a line between Mohadevpur and
Palgacha in the Lower Atrai basin. This representsa combination of the Airai and Link sub-models
developed at the SWMC. Figure 2.2 illustrates the area of the sub-regional model.

53.2 - . The model set-up

Figure 5.1 gives a broad indication of the drainage patterns within the sub-regional imodel area. “The
model was developed specifically to reproduce the main features of these drainage paths and a
corresponding schematic of the river system represented in the sub-regional model is given in Figure
5.2. The important new features of this model, most of which were not incorporated into the pilot
model of the North West region, were as follows: '

- major breaches were evident in the BRE during the 1991 flood season. FAP-1
identified six such breaches in the reach between Mohimaganj and the outfall of the
Hurasagar. The two largest breaches are in the vicinity of Mathurapara where the
Bangali river is less than 3 km from the breach in the BRE. The other large breach
is to the South of Sariakandi at Kazipur. “The six breaches identified by FAP-1 were

“incorporated into the sub-regional model. The breach channels were either those

- surveyed by FAP-1 or were based on the general topography of the area.” Broad

~crested weirs were used to represent the breaches; advice on the detailed definition
of these was obtained from FAP-1 hydraulic modellers.

- field surveys indicated that large areas of the Lower Bangali basin flood as a result
. of the breaches in =l:_he: BRE. In order to simulate this a number of artificial channels -
were included in the sub-regional model to allow East - West flow between the rivers
~ of the Lower Bangali basin (Ichamati - Bangali - Durgadah). :

- breaches / public cuts occur in the western embankment of Chalan Beel Polder D in
' order to relieve flooding in the Shib which occurs as a result of runoff from the
 Barind Tract. Water flows across Chalan Beel Polder D and enters the Fakirni at the
* regulator site. This flow route was. represented in the model by a channel whose
 geometry was based on the topography of Chalan Bee! Polder D. The breaches at

. either end of this channel were represented by broad crested weirs. :

5.2






533

the embankment of Chalan Beel Polder C breaches a short distance downstream of
Jotebazar (the Fakirni bifurcation). Public cuts are made further downstream ‘in the

- embankment of Chalan Beel Polder C in order to relieve the flooding which results

from this breach. These flow routes were represented in the model by channels
whose geometry was based on the topography of Chalan Beel Polder C. The
breaches at the end of these channels were represented by broad crested weirs.

the Naogaon Polder scheme is not yet complete. It is open near the confluence on .
the Atrai and the Little Jamuna; at this location a number of regulators are being

constructed, The Naogaon Polder ‘was represented as 'a flood cell which was

connected to the Atrai at the Atrai - Little Jamuna confluence. A broad crested weir

was used to control flow into and out of the Naogaon Polder flood cell.

field surveys indicate that, under flood condltlons ﬂow may occur from the Little
Jarnuna to the Nagor across Bogra Polder 2. An artificial channel, containing a broad
crested weir to control the flow, was introduced to represent this flow route. -

the Southern embankment of Bogra Polder 2 is breached on the northern bank of the
Atrai; this allows a flow route from the Atrai to the Nagor. An artificial channel,
containing a broad crested welr to control the flow, was introduced to represent this
flow route. : '

Bogra Polder 2 drains to a point on the Nagor a short distance .upstream of the
confluence of this river with the Atrai. Field surveys indicate that a breach occurs
at this location every year; a broad crested weir was introduced to represent this
breach. The artificial channels from the Littie Jamuna and the Atrai were also linked
to this breach.

opposite the’ atorementloned breach in. the right embankment of the Nagor a breach

occurs which allows drainage across Bogra Polder 3 into the Bhadai. river system
An artificial channel, containing a broad’ crested weir to control the flow was
introduced to represent this flow route.

_the dramage of Bogra Polder 3 and Bogra Polder 4 through the Bhadai river system

is complex with a number of drainage channels linking the Beel area to the ‘Atrai.

- A number of channels linking the Bhadai to the Atrai were introduced to represent

these drainage channels. Field surveys indicated that drainage of this Beel area can
oceur directly to the Atrai in the vicinity of Astomonisha. A channel was introduced
to represent this flow route.

durmg the flood season a head difference occurs across the Taras embankment whlch
separates the Lower Atrai basin from the Lower Bangali basin. The Taras

. embankinent is breached to equlhbrate the flood levels. An artificial channel,
containing a broad crested weir to represent the breach, was introduced to represent
‘this flow route and hence aliow ﬂow from the Lower Atral basin into the Lower
~ Bangali basin. :

o Incorporatlon of flood plams

_Flood plains were not mcorporated into the pilot model of the North West region cross sections
extended only marginally past bank top level In the sub- reglonal model flood plains were attached
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to the river cross-sections at locations where embankments whlch prevented spﬂlage onto the flood

plain were not present. The topography of the flood plains were based on the MPO 1 sq. km.
datdba_se of levels. : N

In a number of cases, the resuitmg flood plain area—elevauon curve dld not compare well with the
cross-section, in that it was above:or below the cross sectlon elevation. Following the methodology
developed by FAP-1 the cross:séction elevation was changed at some selected locations along the:
Bangali to agree with the fiood plain elevations. This was done since, in general, greater confidence’
can be p!aced in the gcneral topography levels than the ddtums for river Cross sections.

The roughncss of the ﬂood plain was taken to be twenty times that in the river channels to whlch the
flood plain was attached. :

LS

534 Modd boonduries

There are 17 external bounddnes in the sub-regional model; the sc.hemam Iocatlon of the primary §
boundary louatmm can be seen in Figure 5.2. :

At Lingaliged di_scharge' houndari_es and at the head of minOr channels and upland drainage routes the
-NAM model were used to provide the intlows into the sub-regional modet.

5.4 Model calibrutioo '
540 Metliodology

* Having set up the basu. structure of the model there follows a process of proving that it is adequate
to reproduce the system which it is intended to represent, This process is two stage, one of
calibration and thence verification. For the sub-regional model catibration was carried out for the
1991 flood season and verification for the 1990 tlood season. Further model verifi cation was carried
out for the period from 1985-89. In the calibration exercise, the model is adjusted such that a given
set of observed values is reproduced by the model. The verification of the model follows by checking
its performance against an additiona! set of observed values which were not included in the original
‘data set used for calibration. It is often found that the deviations of the model results for.verification:
runs dre greater than those during calibration. It is difficult to defing: ObjELtWe criteria for assessing
the quality of a model calibration. Often the modelier must rely on his experience and subjective
 judgement to decide whether or not to halt the calibration. A’ turther constraint on model calibration
is the time scale of the project and the requirement of model results by other disciplines within the
study. There has been no work done in the NWRS in the definition of objective criteria for mode!
Lahhrdtlon adequacy, pureiy SuhjeLtl\'t‘, judgement has dlLtdted the pro;._,res‘; of the modelling.

Model Lalibration was (.amed out tor the monsoon perlod thm is the perlod of greatest significance
for the NWRS. The objective of calibration was to minimise difference between the modelled and
observed data-during this period. 1t is clear from the model verification that if the study were to be
concerned with water levels and’ dtsaharges during the dry sedson muuh additional work wou!d be
'requlr(,d to owe %dtlstaotory &.d[lbl'atl()n during these periods.

A$ desc,rlbed in Sebnon 5 2 the sub reglondl model was mltmlly Ldilb[‘dted as two sub models the
Lower Atrai model and the Link model which covered the Lower and Middle Bangali basins. This
initial calibration was carcied out at the SWMC. This was done in order to minimise model run times
".md thus allow the maximum number of thhratlon runs to be Larrted out. Once the initial calibration
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had been carried out as far as was possible the two sub-models were combined,; final cahbration was
carried out on the full sub-regional model. :

The final model qet-up which is described in Section 5.3 was developed as part of the callbratxon
process. In particular a mumber of artificial channels were added to allow flow across flood plains
between adjacent river catchments. As far as was possible the location of these channels was based
of information collected during ﬁeld visits. Some of the channels were added i in order to approve the
fit at particular calibration points.

A number of weirs were included in the model set- up, these represented breaches or cuts in
embankments and also road culverts. Weirs were also used to control flows in the artificial channels
which were introduced into the model set-up. -As far as was possible the elevation of weir crests and
the width of weirs was based on field observations. During model calibration the crest elevation and _
width of some weirs was adjusted in order to improve agreement between simulated and observed
data.

The other main parameter which was adjusted as part of the calibration process was the roughness
in the river channels, In all cases physically reasonable values of roughness coefficients were used.
In some cases these were exther higher or lower than values which would normally be expected for
the rivers being simulated. This was probably because they were simulating the effect of features
which it was not pOSSIble to explicitly represent in a one dimensional hydrodynamic model such as
MIKEL1.

5;4.2_. : Calabratlon results

Resuits of the model calibration are presented in thls section; these results are for the 1991 MoNSooN
season. -The results for 1990 showed similar features to those for .1991. Minor adjustments were
made to the model based on the results for 1990. Given this situation the calibration data set was
-effectively extended to include both 1991 and 1990; 1990 could not really be referred to as a
verification year since data for this year was used, at least partially, during the calibration. The
period from- 1985 to 1989 was used for model verification; the results of this is described in Sectlon
5.5.

Mohadevpur (Figure 5.3) Mohadevpur is on the Atrai river, itis a dlscharge boundary station for -
the sub-regional model. A ‘comparison between the simulated and observed water levels at
Mohadevpur in shown in Figure 5.3... The agreement between smaulatqd and observed water levels -
s good. - The model slightly over estimates the majority of the water level peaks. The exception to
this is the highest peak which occurs in September; this peak is matchéd extremely well. Following
the monsoon season water !evel peaks the rate of recession simulated by the model is slightly slower

than !hat observed

" Jotebazar (F' gure 5.4) : Jotebazar is on the Atrai river at the point where the Fakirni spllls to the
'South A comparison between the simulated and observed water levels at Jotebazar in shown in
Flgure 5.4. The results at Jotebazar show similar features to those at Mohadevpur however, the
difference between the simulated and observed water levels are more: pronounced. The over
estimation-of the water- level peaks is greater at Jotebazar; once again the exception to this is the .
September peak which is matched extremely well. “The simulated recession following the monsoon
~ peak water levels is considerably siower than that observed.
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Atrai railway bridge (Figure 5.5 and 5.27) . Atrai railway bridge is on the Atrai river between the
cpnﬂuence with the Little Jamuna and the confluence with the Nagor. A comparison between the
simulated and observed water levels at Atcai railway bridge is shown in Figure 5.5. In general the
peak water levels are simulated well; some of the peaks are slightly over-estimated. Once again the
simulated water level recession following the monsoon season peak is slower than that observed. A
comparison between the simulated and obsetved discharges at Atrai railway bridge is shown in Figure
5.27. 'The agreement between the two discharges hydrographs is reasonable.. The simulated
dis::harges for the September peak flow are high. The post monsoon discharge recession is fitted
well, ' : '

Singra railway (Figure 5.6 and 5.28) : Singra railway bridge is located on the Atrai river a short
distance downstream of the conflucnce of the Kharsati with the Atrai. At its upstream end the
Kharsati is linked to the Nagor; the Kharsati only flows during the monsoon season. A comparison
between the simulated and observed water levels at Singra railway bridge is shown in Figure 5.6.
The model generates a good simulation of the observed hydrograph; the water level peaks are matched
well. The simulated post-monsgon water level recession is slower than that observed. ‘A comparison
between the simulated and observed discharges at Singra railway bridge is shown in Figure 5.28. The
model over estimates the peak flows in July and September; it also over estimates the flow duting
- August when there is a trough in the observed flows. At other times there is a good match between
the simulated and observed discharge hydrographs. The post monsoon discharge recession is fitted
well.

Chankchoir (Figure $.7) : Chankchoir is located on the Atrai at the point where the Nanjakuja joins

the Atrai. ‘A comparison between the simulated and observed water Jevel hydrographs at Chankchoir

is shown in. Figure 5.7. ‘The model under estimates the water level by approximately 0.5 m

throughout the flood season. The simulated post monsoon water level recession is slower than that
" observed.. : :

Astomonisha (Figure 5.8) : Astomonisha is on the Atrai river at the point where it splits into the
Atrai and the Baral. A comparison between the simunlated and observed water level hydrographs at
Astomonisha is shown in Figure 5.8. The pattern at Astomonisha is very similar to that at
"Chankchoir; the model tends to under estimate the water levels throughout the flood season. There
are no water level observations during the post monsoon recession for comparison with the model

results.

Gumani raitway bridge (Figure 5.9) : Gumani railway bridge is located on the Atrai river between
the p’o_int where the Baral spills and rejoins the Atrai. Figure 5.9 shows a comparison between the
observed and simulated water level hydrographs at Gumani railway bridge. The model slightly under
estimates the water levels during the flood season. The agreement between the model water levels
and those observed is better than at either Chankchoir or Astomonisha. Once again the simulated
water level recession is stower than that observed.

Baral railway bridge (Figure 5.10 and 5.29) : Baral railway bridge is on the Baral river between
where it spills from the Atrai and where it rejoins. A comparison between the simulated and observed
" water levels at Baral railway bridge is shown in'Figure 5.10. The match between the two
hydrographs is g_ood. The model slightly under e_st_imates'the-Séptember peak water level. The post
monsoon water level recession is slightly slower than that observed. Figure 5.29 shows a comparison
“between the simulated and observed discharges-at Baral railway bridge. : The model over estimates
" the July and September peak discharges; at these times the observed discharges look suspect. The
model matches the Septémber discharge rise extremely well; it also produces a reasonable simulated

of the post monsoon discharge recession.
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Dohokladanga (Figure 5.11) : Dohoklddanga is on'the Atrai river a short dlstance downstream of
where the Baral joins. Figure 5.11 presents a comparison between the simulated and observed water
levels at Dohokladanga. The model reproduces the observed water levels extremely well. The
simulated post monsoon water level recession is shghtly slower than that observed.

Nowhata (Figure 5.12 And 5. 30) Nowhata is located on the: Shib river at the pomt where itsiflow
direction changes from:north-south to west-east. Figure 5.12 shows a comparison betwesn the
simulated and observediwater level hydmgrdphs at Nowhata. The model reproduces the shape of the
observed water level hydrograph reasonable well but the peaks water levels are under estimated. The
simulated post monsoon water level recession is slower than that observed.

A comparison of the observed and simulated dischiarges at-Nowhata is presented in Figure 5.30.
‘Until mid-September the model generates a reasonable match to the observed discharges. The model
over estimates the early October peak discharge; it then predu,ts hlgher than observed discharges for
the remainder of the Ldllhl’dll(m period. The rate of discharge recession is matched wetl :

Bag_,mdm (Flg,urt 5 13) Bdgmdrd is on the Shib river at the points where the delrnl }oms it. The
Fakirni spilis from the Atrai at Jotebazar. Figure 5.13 presents a comparison between the observed
and simulated water level hydrographs at Bagmara. The model produces a good-simulation of the
observed hydmgrdph The simulated post monsoon water level recession is slower than that
observed. ' ' '

Naldanga railway bridge (Figure 5.14 and 5.31) : Naldanga railway bridge is located on the Shib
river between. Bagmara and the confluence of the Shib with the ‘Atrai, A comparison between the
observed and simulated water level hydrographs at Naldanga railway bridge is presented in Figure
‘5.14. The pattern is very similar to that 4t Bagmara, The model produces a good simulation of the
observed water levels but the rate of recession is slower. than that observed. - Figure 5.31 shows a
- comparison between the obse_rved and simulated discharges at Naldanga railway bridge. The match
is reasonable. " The model Over estimates the August and September peak fows.

Naogaon (Figure 5.15) : Naogaon is located on the Little Jamuna river, It is a discharge boundary
station for the sub-regional model. Figure 5.15 presents the observed and simulated water level
‘hydrographs at Naogaon. The model produces a goed fit to the observed water levels. At certain
times the model produces a stight over estimate of the observed water levels. The simulated post
munsoon water level rec.t.ssmn is a littie slower than that observed

' Talora (Flg,ure 5. IG} leord is lowted on the ngur river. It is a discharge boundary station for
the sub-regional model.- Figure 5. [6 presents a comparison between the observed and simulated water
level hydrographs at Talord The model reproduces the shape ot the observed hydrovraph well. The
simulated variations in water level are not as great as those observed; the model slightly under
estimated peak water levels and over estimates lowest water levels durm" the flood season.

" Malonchi. (Figure 5. 1’1’) Malom,hl is io:.ated on the Ndnjdku_]d river. If is a discharge boundary
. station for the sub-regional mode!. A comparison between the simulated and observed water levels
at Malonchi is presented in Flgure 5.17. There is good agreement between the two hydrographs.
The model over estimates the September peak water level and the rate ot post monsoon water level

recession is slower than that observed. .
" Halsa (Fi;,ure 5. !8) Hdl‘id is luudted on. the Nd!‘ljrlkllj& river hetween Mdtnm,h. and the Lgnﬂuence

of the Nanjakuja with the Atrai at Chankchoir. A comparison between the observed and simulated
water levels at Halsa is presented in Flgure 5.18. The model matches the pattern of water level
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variations well but under estrmates the peak water levels by approxrmately 0.5m. 'I'he simulated rate
of post monsoon water levei recession is slower than that observed

Mohlmagam (F‘ igure 5. 19) Mohlmaganj is on the Bangall river. 1t is dnscharge boundary station
for the sub-regional model. Figure 5.19 presents a comparison of observed and simulated water level
hydrographs at Mohimiaganj.. The model reproduces the pattern of observed water level variations
reasonable. The model over estimates some peak water levels and under estimates other peak water
levels. The srmulated post monsoon water level recession is shghtly quicker than that observext.

Srmulban (Frgure 5,20 and 5. 32) Slmulbarl is on the Bangali river a short distance downstream
of Mohimaganj.- A comparison between observed and simulated water levels at Simulbari is presented
in Flgure 5.20.. At this station the differences between the observed and simulated hydrographs are
very similar to those at Mohimaganj. Figure 5.32 presents a comparison between the observed and
simulated discharges at Simulbari. The model matches the lower flows well but over estimates the
peak discharges. The post monsoon dlscharge recession is matched well.

Sarlakandl (Figure 5.21) : Sartakandt is on the Bangall river downstream of Slmulbart and upstream
of the Ichamati spill. Figure 5.21 compares ‘the observed ‘and simulated water levels at Sariakandi. -
The fit between the two hydrographs is good. The model under estimates the Seéptember peak water
level. The simulated post monsoon water level recession is quicker than that observed.

Khanpur (Figure: 5.22_ and 5.33)_ : Khanpur is located on the Bangah river a short . dlstance_
downstream of where the Karatoya joins the Bangali. A comparlson of the observed and simutated

water levels at Khanpur is presented in Figure 5.22. The model matches the lower flows well but

under estimates the peak discharges. ‘The post monsoon discharge recession is well matched. Figure

5.33 shows a comparison of the obsérved and simulated discharges at Khanpur, In general the

agreement between the two discharge hydrographs is good. The model over estimates the flow in

early June. It matches the July peak discharge perfectly. The model over estimates the lower flows

in August and September and under estimates the September peak flow.

ngam ('?igure 5.23): Ra:ganj is located on the Bangall at the pomt where the Durgadah sptlls from
the Bangali. Figure 5. 23 compares the observed and simulated water levels at Raiganj. The model
under estimates the water levels; this is usuaily by approximately 1 m but the model under estimates
the some peak water levels by 2 m. 'Thls difference between observed and simulated water levels may

" indicate a daturn error at the Raiganj gauging station.

Nalkasengatl (F' gure 5.24): Nalkasengatr is located on the Bangall river a short distance downstream
of where the Ichamati rejoms the Bangali. Figure 5.24 compares the observed and simulated water
levels at Natkasengati. Up to late July the mode} slightly under estimates the observed water levels.
The model under estimates the August September and October peak water levels by approxlmately

-1 m.

. Ultapara (F' igure S 25 and 5.34) . Ullapara is located on the Bangah between Natkasengati gaugmg
~ station and the confluence of the Bangali with the Atrai. A comparison of the observed and simulated
water levels at Ullapara is presented in Figure 5.25. _'The fit between the two hydrographs is good.
The model slightly under ‘estimates the peak water levels. Figure 5.34 compares the observed and -
simulated discharges at Ullapara The model tends to under estimate the flow throughout the flood
season. The model reproduces the post monsoon drscharge recession well,
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Nangolar railway bridge (Figure 5.26) : Nangolar railway bridge is located on the Durgadah river
a short distance upstream of the confluence of the Durgadah (Gohala) with the Atrai, Figure 5.26
compares the observed and simulated discharges at Nangolar railway bridge. The model simulates
the pattern of the observed discharge variations well but it over estimates the peak flows.

Baghabari (Figure 5.35) : For modelling purposes Baghabari water levels form the downstream
* boundary of the model. A comparison of the observed and simulated discharges at Baghabari is
presented in Figure 5.35. The model produces a reasonable simulation of ‘both the pattern and
magnitude of the observed discharges. This indicates that the overall water balance and flow volumes
which are applied at the boundary nodes and the NAM rainfall-runoff contributions are reasonable.
The model also reproduces the some of the observed reverse flows which occur at Baghabari.

543 Summary of model calibration results

Taken as'a whole the agreement between the simulated and observed. data is good. The model
calibration has concentrated on fitting observed water levels. This is reflected in the fact that the
agreement between the observed and simulated water level hydrographs is, in general, better than the
agreement between the observed and simulated discharges. The agreement between the simulated and
- observed discharge are sufficiently good to indicate that the split of flows between the different rivers
in the sub-regional model area is simulated reasonably in the model. ' '

The greatest discrepancy between the simulated and observed water levels occurs during the post -

“monsoon water level recession. In the Atrai basin the modelled rate of recession is slower than that .
observed whilst in the Bangali system the simulated rate of recession is slightly quicker than that
observed. A reason for these differences may be the flow patterns change during the post monsoon
period as a result of breaches or public cuts which are not represented in the model. The model set-
up has been assumed to be the same at all times; it does not take account of dynamic changes due to
new breaches or public cuts. )

The_ca]ibrati_on rejsiﬂts are, in general, within the guidelines of model accuracies given by the Flood
Action Plan Model Coordinating Committee (FAPMCC) for pre-feasibility modelling studies. These
guidelines are: o

- peak water-levels are matched to within 0.5 m.
- peak discharges are matched to with 25 %.

The calibration results therefore give confidence that the model is suitable for undertaking simulations
to investigate the impact of proposed developments in the area covered by the sub-regional model.

5.5  Comparison with 1985-89 observations

Because of temporal changeS' in flow routes which are not.represented in the model no direct
comparison should be made between the model results and observations for the period 1985-89.
Running the model for this period does allow for some verification of the models performance. It
is known that public cuts during high flood years generally occur at similar locations from year to
year. Essentially, the cuts are made at locations where there is drainage congestion or a marked
discrepancy between. internal and external water levels. Typical locations are the right bank of the
Atrai, at the head of Chalan Beel Polder C, the left and right embankments of the Nagor river and
the Taras embankment on the western limit of the SIRDP project. In many cases these are only
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repalred tempmanly and are’ bredched Or cut once agam the tollowmg year. The dramage patterns
that this imposes on the hydraulic regime is therefore similar from one year to the next although the
magmtudes of the spilis through these openings will vary.

Comparisons between modelled and observed water levels and discharges at’ ‘key locatlons for the
period 1985-89 showed an ‘acceptable correlation with the observed results. This gave further

confidence that the model is suitable for undertakmg simulations for the full 25 year period from
1964-89. :
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L Figurse 5.1
Drainage Patterns
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. : Figure : 5.2
Schematic of Sub-Regional Model
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CHAPTER 6

APPLICATION OF NUMERICAL MODEL IN DEFINING FLOOD/WATER PHASES
* AND CROPPING PATTERNS '

6.1 'lntroduction- '

The output from MIKEII is specnﬁcally onentated to prov&de water level and dlscharge time series
at nodes within the modelled river system and these are used extensively to assist in the engineering
. design of flood control measures. However, when considering flood controt measures it is also vitally
important to be able to assess the impacts away from the main river courses on the floodplains.

A suite of post-processing programs were developed to provide additional data and information
relating to the floodplains. In particular these were to assess the impact flood control measures would .
have on: : D =

- tht, ﬂoodmg regime of the ﬂoodplams (timing, depth and duratlon)
- the change this may make to future cropping patterns
B  the change this would mtmduce on potenual fisheries areas

In ddditl()n to its usetulness as.a tool to. pm\ude addmonal primary and secondary data for use by
other members of lhe study team, the analysis also served as additional verification of the model’s
ability to predict tflooding regimes in areas away from the river system, that-is, on the acuve
tfloodplains.

Although these aspects are discussed in connection with the sub- regional model, these analysas
techniques have also been used extensively within the Gaibandha Project area and also in the non-
‘modelled areas, where the post-processing analys:s is-tinked with the engineering drainage analyses.

6.2 General appmuch
6.2. l Me!hﬁdoiugy

The proc,edure followed in obtammg waterlﬂood phdse optimum Lroppmg patterns ddjusted cropping
patterns and potential fisheries areas lS shown in the flow diagram given in Figure 6.1, 'I'he

procedures is as follows

Definition af areas Each prbjecfa_re_a _wés divided intoa number of sub-areas, in general
' 4 or more. The flood depth in each sub-area was represented by a
single water level node from the hydraulic model analyses.

.Water level output : The standard MIKEII .w'ater level results were ou_tput to text files in
: ' - five year blocks. The output was on a daily basis throughout the full
hydrological year. This was done for each required node.

Water level analysis. - : © . The daily water level values were averaged on a 10 day, decade,

basis. Hydrological analysis was carried out on the decade values to

_give minimum, mean and maximum water levels for each decade in
‘the year. In ‘addition, retirn period decade . water levels were
calculated tor 2, 5, 10, 20, 50 and 100 year return periods.
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Stage/area analysis In order to be able to define flooded areas to different depths it is
necessary to define the stage/area relationships of the appropriate
project areas. This was undertaken using the SWMC digitising
facilities which utilises the MPO square kilometer grid of spot
heights.

Water phase analysis The time dependent water phases of each sub-area are calculated
' “based on the water level analysis and the stage/area relationships.

Flood pﬁase analysis Based on the water phase analysis, th:e flood phase was calculated
corresponding to the MPO definition of flood phase.

Optimun cropping . : Gwen a set’ of agronomxc rules baseéd. on the planting dates
' harvestmg dates and tolerance to water depths, the optimum croppmg
patterns and areas were calculated based on the water phase analysis.
The optimum cropping patterns were calculated for 100% and 0%
:rngable fahd. :

Adjusted 'croppz'ng : Cropplng patterns were ad]usted for the percentage irrigation
' availability (which varies depending on whether present or future
conditions were being considered) and the net cultivable area.

Fisheries areas : Based on the water phase analysis the potential fisheries areas were
' calculated based on both timing and depth of the more permanent
water bod:es

Followmg thiS approach, each of the above mformation can be calculated for dlfferent stages in time.
In general, the approach was firstly to carry out the analysis for *present’ COHdlthIlS This was then
-_venfied against other sources of data such as MPO flood phases or BBS statistics on present cropping
'patternsfmtensmes and fisheries data. Following this, the process is repeated for a 'future without'
situation in which various parameters may change due to changes in the flooding regime, increased
irrigation potential or by other such factors. - Finally, a third analysis is undertaken for the ’future
with’ pro_;eet condition to enable the benefits or dlsbenet‘ ts of the proposed projects to be assessed.

The methodology gwen above is not restricted ennrely to areas for which a hydrauhc model was
developed The startmg pomt for most of the analyses is the water phase data and this can be derived
from standard drainage calculations and not only from madel time series data. Within the study this
analysis was undertaken extenswely in both modelled and non-modelled areas of the region.

6.2 2 " Water level analysis

: Standard MIKEII output produces time series water levels end discharges at any spemﬁed node

within the modelled area. From this data, hydrological analysis can be undertaken to' give a wide

raige of variables which may be of use in the design of engmeermo works general level of flooding
or for agriculmral and ﬁsher:es assessment.

. A suite of analysis’ programs developed by the hydrology team have been used. For the post-
" processing described in this Chapter an analysis of 10 daily (decade) water levels was used.
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Typlcal output for the water level analys:s is shown in Table 6.1. From the results.of a model
simulation the minimum, mean and maximum water levels for each decade in the year were
calculated. In addition, retirn period water levels were calculated for 2, 5, 10, 20, 50 and 100 yedr
return periods. A Blom formula was used for the lower return periods, up to 1 in 20 year for a 2§

year series and up to 1'in 10 year for a 10 year series, and 4 Gumbel Extreme Value analysis for the
higher return perlods

For the purposes of this study the length. of the model simulations were generally 10 or 25 year
simulations which meant that the reliability of the return period estimates for a 1 in 5 year cvent were
reasonab_le Estimates for high return periods should be viewed with caution because they result from
extrapolation beyond the period of model simulation.

6.2.3 Water phase analysis '

‘Water phase’ is used to deﬁne areas flooded to different depths throughout the flood season. This
differs from the more generally used ‘flood phase® definition in that it has a finer resolution of the
flood depth categories and is time dependent Water phases in the following depth categories were -
calculated: :

0.0-03m
03-0.7m
0.7-1.0m
1.0-1.5m
1.5-30m

> 30m

-These depth categones were’ se]ected on agronomic criteria; the tolerance of different crops to
different flood depths at the various stages of their growth.

Although water phases could be calculated on a daily basis, if required, discussions within the study
team suggested that a more approprlate time period for these post-processing applications was'to
anatyse the depth of tlooding on a 10 day or decade basis; this is particularly relevant to agricultural
conditions whereby crop tolerance is generally measured in days rather than Hours. It also gives a
more generalised picture of the ﬂoodmg regime by averaging short duration ﬂuctuations

Based on the water level analysis and the stagelarea relatlonshlp, areas flooded to different depth
categones were calculated for each ‘decade through the hydrological year. T ypical output from this
analysis is given in Table 6.2 which gives the areas flooded to different depth categories for each
decade. This information can also be supplied as a percentage of the total area, Table 6.3. The 1
in 5. year return period levels were used for this analysis.

6 2 4 Flood phase analyses

'The widely adopted MPO ﬂood phase figures are not quoted with respect to a time element whereas
the model output and flood levels at each node are produced as a time series. The depth categories
for flood phases are also defined differently from those for the water phase analysis; the water phase

categones havmg a hlgher resolution. -
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Water phases fall in to the following def)’th_ categories in relation to the flood phase categories:

00-03m FO land
03-07m Fl land
0.7-1.0m F1&2 land
1.0-L.5m " F2&3 land
1.5-3.0m F2&3 land
> 30m F3&4 land

These can be easily teansformed into the more widely used flood phase categories by redistributing

the flood depth categories to correspond to: \
0.0-03m F0 land
03-09m Fl land
09-18m F2 land
1.8 - 3.6m F3 land

>3.6m “F4 land

However, this does not éliminate the time dependent nature of the water phase information.

A wide range of s_ensitivity tests were undertaken to try and establish the co‘rr:elation between water
phases and flood phases, based on the published MPO flood phase figures. These tested the sensitivity
of the correlation between the two to: :

- the representative return peridd decade water level
- the period of flood excecdance

In total, 12 alternative ways of assessing the flood phases were considered, for ditferent combinations
of return period level (mean water, 5, 10 and 20 year levels) and flood exceedance periods (May to
November, July to September, and severest flood depth).

These sensitivity tests showed that the most suitable method of converting water phase to:flood phase
was to select the 1 in 5 year return period level and take the peak decade flood level. This ties in
particularly well with field information in that farmers have indicated that, in general, they are
prepared to risk crop damage one year in every five. Typical output for this analysis is given in
Table 6.4 which gives the flood phase distribution in each sub-area and that for the area as a whole.

6.2.5 - Optimum cropping patterns

- The ‘f‘oliowing agfon'omic principles were followed in calculating cropping patterns from the water
phasedata: .

- Irrigated areas

HYV Boro : 0;30 cm between F‘ebmaryll -and May/ 1,' not above 70 cm
. ~ until June/1. .
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HYVt éman

‘L t aman

TDW aman
Rabi crops

Non-irrigated areas

- B aus
Jute

HYV t aman
Lt aman
B aman

‘Rabi crops

{Note :

either: 0-30 cm between August/1 and September/3. Not
above 70 cm until November/3. This will be late HYV t
aman. o , o

or ; 0-30 cm between July/2 and August/2, not more than 70
cm until November/3. This will be early HYV t aman.

gither: 0-30 cm between August/3 and October/1, not more
than 70 cm untit October/3 and 100 cm until November/3.
This will be late | t aman, . |

or : 0-30 ¢cm between July/2 and August/3; not more than 70
cm until September/3 and 70-100 cm until November/3.
This will be early 1 t aman, .

0-30 cm between June/t and July/2, not more than 300 cm
until November/3. '

0-30 cm in Novembes/2 and not cropped in September to
November/1.

0-30 cm between March/2 and May/3, not more than 70 ¢

until June/3 and not more than 100 cm until August/1. =

0-30 cm between March/2 and May/1, not more than 70 cm
until May/2 and not more than 150 cm until August/Z.

0-30 cm between August/1 and September/3. Not above 70
cm until November/3. This corresponds to "HYV t aman
(late)" in the irrigation scenario. ' '

0-30 cm between August/3 and October/ 1, not more than 70
cm until October/3 and 100 c¢m until November/3. This
corresponds to "1 t aman (late)" in the irrigation scenario.

0—:30 cm between March/2 and April/3, not more than 70 cm
between May/1 and June/2 and not more than 300 cm until
November/2.

030 e¢m in November/2 and not cropped in
September/November/1.

Junef3 is the 3rd decads in June, etc.)

" These agronomic principles were used to assess optimum cropping patterns under the assumption,
firstly, that the area has 100% irrigation and, secondly, that the area is non-irrigated. These can then
be refined to take account of the actual level of irrigation capability for different periods such as
present conditions or some future conditions. :
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From the optimum croppmg patterns a "selected’ cropping pattern was derwed by including a prlorrty
basis for different crops; that is, taking account of farmers preferences and the economic value of
different crops. A typical example is shown in Table 6.5.

6.2.6 Adjtrsted croppingg‘analysis

The selected cropping patterns calculations for rrrrgated and non-irrigated scenarios were blended
according to the required, or. specified, level of irrigation to obtain a final adjusted potential,
cropping pattern (Table 6.6). Further adjustment was made to allow for homesteads, roads, water
bodies and other non-agricultural uses of land; the gross cultivable area (GCA) bemg converted into,
a net cultivable area (NCA). In general, the areas allocated to B aus and the T aman crops was
reduced to take‘ account of the difference between GCA and NCA.

A more detatled agronemlcal description of the procedure to calculate cropping patterns is given in
the Agriculture Annex.

6.2.7 Fisheries analysis

Flood control measures can have both disbenefits and benefits in terms of capture fisheries, From-
the water phase analysis it was possible to estimate the potential fisheries areas. Within each project
area or sub-project area, the capture ﬁsherres area on the floodplains was deﬁned from the following
'ﬁsher;es principles: :

- the area requires water depths to be greater than or equal to F1 land (1e deeper than

30cm)
- the water body must remain for a minimum of 3 menths of the year without drying

up

Based on these two pr'ineiples the areas potentially suitable for fisheries could be defined. Typical
output is given in Table.6.7.

6.3 Verification of analyses

- 6. 3 1 General

As outlmed in Seetlon 6.2.1 the useﬁltness of this postvprocessmg analysrs first requires that the
method is verified against other sources of information.

" For the verification exercise, published data on the MPO flood phase's and BBS statistics were used.
. This data is generally pubIHhed on a thana or upazrtla basis. This was converted to a project by
dlstnbutmg the statistics on a prorate basis according to the pereentaoe area which falls within the

' mdmdual pro;ect areas.
6.3.1 Comparrson of ﬂeod phasw '
A number of assumptrons were made regarding the calculatron of ﬂood phases Firstly, it was

assumed that non-cultivatable area was deducted from the 0-0.3 m depth category, FO land, as much
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of this land will be for homesteads, ete, and w1ll general!y lie above the average ﬂoudmg level.,
Secondly, it was assumed that the flood level is- "horizontal” within each sub-area. Whilst this will
generally be true in low lying deeply flooded areas it may not be correct in some of the more
: nouherly areas of the sub-regional area. Furthermore, the development of stage/area curves for these
areas is on a coarse scale, one spot level per square kilometre,:and this cannot possibly define the
micro-topography of the region. This micro-topography will play a crucial role in the definition of
flood phases as even stightly depressed localised areas which aécumulated rainfall to a depth greater -
thin 0.3m would transform these from on FO to F1 classification. Finally, and perhaps most
crucially, the MPO flood phase fi igures were taken as being representative of the present flood
phasing; other flood phase data was considered but it was felt that the MPO data was infact closer
to the true situation obsu‘ved during field visits.

In order to confirm that the procedure developed was apphcable over a wide rance of areas flood
phases were calculated for present conditions and compared with the MPO tlood phase data for these
areas. The results of this comparlson are presented in Flﬂure 6.2.

For Chalan Beel Polders A, B and C, Bogra Polder 3 and Ndogaon polder the agreement between the
model predicted flood phdbes and those presented by MPO is extremely good. For Chalan Beel
Polder. D the model under estimates the percentage of FO land and over estimates the percentage of
F3+F4 land. For Bogra Polder 2 the model over estimates the percentage ot F2 land and under
estimates the percentage of F3+F4 tand. In SIRDP the model over estlmdtes the percentage of FO
and F3+F4 land and under estimates the peruentage of FI land. -

The main purpose of using the ‘model’ to estimate tlood phases is as a delS tor the automated
caiculation of cropping patterns.  Froin an agricultural point of view the critical factor is the split
between FO+F1 land to that which is flooded deeper. It can be seen trom Figure 6.2 that, in general,

~ the model adequately represents th:s split in all pro;ec.t areas.

It can be Lom.iuded that the model generated flooding phases agree reamnably well with the MPO
figures and that they tform an acceptable basis for the automatic calculation of cropping patterns and
the assessment of with and without project conditions. :

6.3.2 Cunipurison of cropping paiterns

Agncu!tural benefits ma:nly come from increasing the area. of transplanted rice at the expense of
monsoon tallow or broadeast rice. Boro in the North West region can oaly be substantially increased
by additional irrigation facilities and in general the restriction to boro due to tlooding is minimal in
‘the Lower Atrai area. Thus, from an agricuitural viewpoint, the issue is how can the areas of
transplanted aman, HYV or lmal be increased and how accurately can the developed procedures

- pred:nt this increase.

In order to Lonttrm that the procedure developed: ahove was applludble to a'large range of dlﬂerent
areas calculated mepmg patterns were compared wnth the BBS Lroppmg statistics for 1989. The
project areas in the Lower Atrai basin were selected for this comparison.  In the various project areas -
the model predlcted area of HYV and | t aman was compared with the BBS statistics. The results of

_ thls dndinIS are prt,sented in Table 6. 8
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TABLE 6.8 |
Comparison of model predicted areas of HYV
and t aman BBS statistics for 1989

i Calculated BBStin 1989 Total area
Naogion - . 20,060 19,813 42,982
SIRDP | 20,550 | 17,236 72,955
Chalan Beel A . ' 11,618 11,583 30,214
Chalan Beel B 12,632 9,128 35,562
Chalan Beel D | 16,502 16,627 57.460
Bogra Polder 2 | 26,940 | 26,692 56,395
Total | 108,303 | 101,079 395,568

36.6%) - | 342%) (100 %)

Table 6.8 1llustrate§ a reaqondble dgreement between the model predtcted areas of HYV and 1 t aman_
and those presented tn the BBS statistics. It is also to be noted that the 1989 ddtd reported the taman.
of 1988 which, because it was a flood year, was lower than normal, thereby probably lessening the
difference even further. It can be concluded that the model generated cropping patterns agree
reasonably well with the BBS figures and that they form an acceptable basis of prlmary or secondary
data on which to assess different development options. :

6.4 Possible refinements to procedure for calculating eropping p;ttterns

The procedures and methodology outlined in this Chapter potentially provide & powerful analytical
tool for providing information on the benefits and dishenefits of different project proposals. ‘There
are however many areas in which the procedures could be refined to make them more widely
appiicable' and more sensitive to a 'greater number of variahles. :

~ The procedure described above for ualuulatmg the cropping patterns uses the | in 5 year return period
‘water level for each decade of the year. These water levels are calculated from the daily water levels
for the duration of the model simulation - this could be S, 10 or 25 years. Clearly there is a great
“(eal: more information available from the model simulation than is actually used in the automated
cropping pattern procedure. Some of the discrepancies which exist may be ellmmated it more of this
' information were to be used.

An. dlternatlve prm.edure shOu’!d be investigated which uses -the model results for each year of
simulation. This would produce L,roppmg patterns for each year, if necessary these could be averaged
to obtain a single, average cropping pattern. Using this procedure the prédicted cropping patterns
would reﬂect the year to year variations in the depth and dumtton of ﬂoodmn

The present procedure tor Ldlt.uiatmg cropping patterns reqmres the preteremes between different

crops to be clearly stated. I[n the current procedure this can only be based on flooding depth and
duration considerations. The deveiopment of pro;edures whuh allow dntterent factors to be used to
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determine preferences should be investigated. © Factors which could be taken into account could
include, o '

- variations in crop timing in different areas
- environmental factors such as rainfall

- costs

- marketing considerations

- social factors such as labour availability

Even when all thege fac’tors are taken into consideration it may not be pusSible to pre-define 'c_ropping

preferences. Linear programming could be used to take account of all the above considerations and
to and produce an optimisation to the cropping pattern analysis,
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. TABLE 6.1 _
Example output - Water level analysis (decad basis)

ANALYSIS OF 10-DAY MEAN WATER LEVELS
(Model output for 24 years ~ run W)

POLC ART  (PLC) Chainage  3.000

ReturnPeriod (years)

_ Min. Mean Max.. 2 ) 10 20 : 50 100
Apr 1 10,13 10.44 10.98 10.43 10.77 '10.83 10.96 11.06 11.16
2 10.13 10.37 10.96 - 10.25 '10.61 10.87 10.93 11.09 11.22
3 10:13 10.38 10.95 16.20: .10.71 '10.93  10.94 11.16 11.31
May 1 10.13 '10.47 11.04 10.38 '10.90 10.95 11.03 11.25 11.39
2 106.13 10.6% 11.42 10.88 11.02 11.07 11.28 11.33 11.41
-3 10.13 '10.97 11.92 © 11,00 .11.31 11.60 -11.88 11.95 12.12
Jun 1 10.13 11.16 12.15 11.11 11.47 11.78 .11.93 12.12° 12.30
2 10.35 11.83 12.70 11,37 11,72 12.59 12.864 12.94 13.21
3 10.82 11.95 12.79 ©12.04 12.58 12.66. 12,76 12.97 13.11
Jul 1 11.11 12.32 13.04 12.37712.68 12,73 12.93 13.04 13.15
2 1l1.43 12.61 13.12 - 12,69 12.98 13.03 '13.08 - 213,18 13.24
3 12.14.12.87 13.48 12.92 13.19 13.36. 13.42 13.53 13.63
Aug 1 12.31 "12.93 13.58 12,90 13.15 '13.52 .13.57 . ~13.66 13.79
2 12.12 12.76 13.60 - 12.60 -13,.22 13.38.°13.54 13.76 13.95
3 12.14°:12.73 013,59 12.74- 13.09 13.32 .13.49 13.60 13.74
- 8ep' 1 “11.87 12.70 13.47 12.72 13.12 13,33 13.39 13.57 13.71
2 - 12.01 12.73 13.40 12,71 13.04 13.20 13.31 13.39 13.49
3 12.17° 12.76 13.40 12.72 13.16¢ 13,28 13.34 . 13.52 13.65
Oct 1 12,02 '12.67 13.28 12.67..13.01 . 13.13 13.25 ..13.35 13.46
2 11.63 12.49 13.45 12,45 12.83 13.21 13.37 . 13.48 13.66
3 11.37 12.19. 12.87 12.14 12,59 12.77 12.8% “13.00 13.12
Nov 1 11.25 °11.83 12.46 11.79 12.19 12.32° 12,41 - 12.54 12.6%
2 11.16 -11.53 '12.15 - 11.45 11.85 11.95 '12.05 12,19 12.29
3 .11.05 11.29 11.82 ©11.20 11.51 -11.59 11,69 11.80 11.89
Dec 1 10.84 11.14 11.47 11.13 +11.24  11.31 11.38 "11.43 11.48
2 10,62 11.04 11.22 11.08 11.14 '131.17 11.19 ° 11.21 11.24
3 10.40 . 10.98. 11.11 11.02 11.09 11,10 -11.11 11.14 11.16
Jan 1 10.33 10.94 11.11.  10.99 -11.05:.11.08 11.09 11.12 11.13
2 10.38 10.92. 11.09 10.97 11.03 11.07 '11.409 211,11 11,14
3 10.34 10.89% 11,08 . 10.96 11:02 11.05 11.07 -11.09 11.11
Feb 1 10,21 10.85 “11.07 10.92 - 10.99 11.02 11.04 11.07 11.10
-2 10.13 10.80 11.08 10.88 10¢.96° 10.97 .11.02 11.05 11,07
3 10.13 10.75  11.05 0 10.84 10.93 10.96; 11.02 '11.04 "11.07
Mar 1 10.13 10.70 11,05 10.80 10,90 10,96  11.03 ©11.05 11.09
-2 10.13 10.62 11.01 10.77 '10.87 10.91 10.96 11.60 11.03
3

10.13 10.83 10.94 16.63 10.84 10.87 10.91 10.97 11.02

Note: Estimates for return periods of more than 20 years should be
viewed with particular caution because they result from
extrapolation beyond the period of model simulation.






TABLE 6.2 _
Example output - Water phase analysis by area

Water phase analysis

Analysis for Future Without - Polder Cu= 25yr'(wout)
Water levels based on. 1:5 year levels
Area flooded in depth categories - Total Area

Depth categories (m)

Month 10 day 0.0-0.3 0.3-0.7 0.7-1.0 1.0-1.5 1.5-3.0

4 1 42380. 0. Q. 0 G.
4 2 42380. 0. 0. 0. 0.
4 3 42380. 0. 0. 0. . 0.
5 1 42380. . 0. 0. 0. 0.
5 2 42380. Co0. 0. Q 0.
5 3 . 41454. . 926, o.. 0 o.
6 1 38056. 3560. = 764. 0. . 0.
6 2 36017. 4377. 1553. 433. 0.
6 3 28931. 4725. 2974, 4618. 1131,
7 1 24693, 4034, 3211. 4761. 5681..
7 2 21549, 3683, 3218.. 5419. . 8512,
7 3 19341. 3847. 2477. 5327. 11225.
8 -1 18347, 3370. 2447. 4470.  12892.
] 2. 18415, . 3474. 2484. 4792. 12651.
8 3 18623.  3449. 2342. 4419, 12731.
9 1 18580, 3457. 2415. = 46230 12641.
9 2 19131, . 3568, 2242, 4622, 12223,
9 3 18817. 3699, 2193. 4668. - 12364.
10 1 19333, 3543. 2244, 4604. 12082.
10 2 20255. 3263, 2379. 4381, 11626,
10 3 22069. 3111, 2673. 4710, 9661.
11 1 24969, . 3392. 2773. 5044. 6202.
11 2 27882, . 3534. 3394. ° 3635. 3934,
11 3 31193. 4421." 2203. 3570. 992.
12 1. 35250. 3iis. 2378. 1507. 129,
12 2 37948. 3217, 869. 346. c.
12 3 40003. 1984. 393. o. 0.
1. 1 41519. 861. 0. 0. 0.
1 S 2 42009, 371, 0. . 0. 0.
1 3 42256, - 124. 0. 0. 0.
2 1 42380, 0. 0. 0. o.
2 - 2 42380. 0. 0. 0. G.
2 3 42380. 0. Q. Q. QL
3 1 42380. 0. L 0. L 0.
3 02 42380. 0. . 0. 0. 0.
3 3 42380, o. c. 0. 0.

Note : all areas in hectares






. _  TABLE 6.3 -
- Example output - Water phase analysis by percentage area

Water phase analysis

Analysig for Future Without = Polder C - 25yr (wout)
Water levels baged on  1:5 year levels
Area flooded in depth categories - Total Area

Depth categories (m)

Month 10 day 0.0-0.3 0.3-0.7 0.7~1.0 1.0-1.5 1.5-3.

0
4 1 " 100 0 4] 0 o
4 2 100 o 0 0 0
4 3 100 o 0 0 0
5 1 100 0 0 0 0
5 2 100 0 -0 0 0
5 ‘3 98 2 0 0 0
6 1 90 8 2 o 0
6 2 .85 0 4 1 0
6 -3 68 11 - 7 11. ‘3
1. 1 58 10 8 11 13
7 2 51 9 8 13 20
7 3 46 2} 6 13 26"
8 1 43 8 6 11 30
8 2 43 8 6 11 .30
-8 3 44 8 6 10 . 30
9 1 44 8 6 11 30
g 2 45 8 5 11 29
9 3 44 9 5 11 29
10 1 46 8 5 i1 29
10 "2 48 8 6 10 27
10 3 52 7 - 6 11 23
11 1 59 8 7 12 15
11 2 66 8. 8 g
11 3 74 10 5 8
12 1 83 7 6 4
12 2 90 8 2 1
12 . 3 94 5 1 0
1 -1 S8 2 0 0
1 2 99 1. 0 0
1 3 100 B 0 4]
2 1 100 0 ¢} 0
2 2 100 0 0 4]
2 3 100 0 Q o}
3 1 100 0 0 0
3 2 100 0 0 0
3 3 100 0] 0 0

Note : all areas in hectares
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TABLE 6.4 .
Example output - flood phase analysis

Fleood phase analysis

Analysis for Future Without - Polder C - 25yr (wout)

Water levels based on 1:5 year levels

Sub~unit FO F1 F2 F3&4
c4 56. 18. 14. 11.
c3 52. 16. 20. . 12.
cz2 - 5. 11. 29, - 65,
c1 2. 7. : 27. 64.

Total FO.land 33,

Total Fl land . - 14.

Total F2 land . 22.

TotaliFS-ﬁ F4 land : 31.

all figures in percent (%)






TABLE 6.5 _
Example output - Optimum cropping patterns

Optimum cropping patterns for the project area

Analysis for Future Without - Polder ¢ = 25yr (wout) -

Water levels based on 1:5 year levels

Irrigated cropping

Crop Potential Percent Selection
Boro ' ' 4i616. . 98.2 41616.
HYV. £t aman {late} 18220. 43.0 0.
HYV t aman (early) : 18220. . 43.0 18220.
Local t aman (late) 18393, 43.4 173.
Local t aman (early) 18220, 43.0 0.
TDW aman (<3m) 21549. 50.8 3156.
TDW aman (>3m) 0. 0.0 ' 0.
Rabi 27883. . 65.8 6334.

Percent

Non-irrigated cropping

Crop : "potential Percent Selection
B aus . 24096, 56.9 24096,
Jute N 28573. 67.4 . 4477.
HYV t aman {late) _ '18220. 43.0 18220Q.
Local t aman {(late) 18393. 43.4 2173,
B aman (<3m) 40354. : 95.2 11781.
B aman {>3m) o . 0.0 Q.

Rabi 27883. 65.8 4105.

Percent

Percent

Percent

56.9
10.86
43.0
0.4
27.8
c.0
9.7

' 148.3






TABLE 6.6
Example output - Adjusted cropping patterns

Adjusted cropping patterns for the praject area

Rnalysis for Future Without - Polder C - 25yr (wout)

Y

Water levels based on 1:5 year levels

Crop T Potential . = Percent
Boro o o 30336. 7%1.4
MYV t aman (late} - - 3012, 7.1
HYV t aman. {early) . 13283.: 31.3
Local t aman {late) 184. 0.4
Local t aman' {early) - 0. 0.0
TDW ' aman (<3m)} -2286. ‘5.4
TDW aman (>3m) 0. 0.0
B aus . 5107. "12.0
Jute 1598. " 3.8
B-aman (<3m) : 4192. 9.9
B aman (>3m} . L0, 0.0
Rahi 6065. 14.2
Total . 66064. 155.5
GCA = 45970.
NCA = 42498.

IRR % 67.2






TABLE 6.7
‘Example output - Potential fisheries areas

Fish areas for thé project area

Analysis for Future Without - Polder € - 25yr (wout)

Water levels based on 1:5 year levels

Cell. Area Percent

1 2896. 30.7 ’
2 5654, 36.9 _

3 8616. 5.9
a4 4985, " 79.5

22181, - 52.3






Figure 6.1
Post Processing Analysis
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Flood phase analysis
- MPO versus Model

Percént (%} .
o
2

| BN

20 mpo—-—

10 Model —|

" PolA PolB PolC Pol DNaogaorBog 2 Bog 3 SIRDP
Froject area

CIF0 pzZF1 NNF2 Bl Fose
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CHAPTER 7
IMPACT OF SEALING THE BRAHMAPUTRA RIGHT EMBANKMENT

7.4 Description

Once the sub-regional ‘modelzhad been calibrated and validated a simulation was carried out to
Investigate the impact of sealing the Brahmaputra Right Embankment (BRE). It was agreed with
FPCO and FAP-25 that, of the developments proposed by other studies within the Flood Action Pian,
this was the one which would have the greatest impact on the North West region. This simulation
assumed that there were no internal developments within the area covered by the sub-regional model.

This simulation was for a 25 year period and used the hydrological data from 1965 to 1989. The
objective of the model was to pr'oduce: data on water level and discharge variations over a period of
25 hydrological years with the BRE sealed. . The objective was not to simulated observed water level
and discharge variations over the 25 year period from 1965 to 1989.

7.2 Model results
Impact on water levels

Sealing the BRE has minimal impact on water levels in the Lower Atrai basin. In the uppet part of
this basin water levels are determined by local tlow conditions which depend on the geometry of the
channels and: rainfall runoff processes; they are not atfected by water levels or spills from the main
rivers. The central part of the Lower Atrai basin is an interaction zone where the water levels are -
affected by both local fluvial conditions and tail water levels. Since neither of these processes are
affected by sealing the BRE the water level hydrographs in this area are not dependent on whether
or not the BRE is sealed.
In the lower part of the Atrai basin water levels are tail water controlled; they are dependent on water
levels in the Brahmaputra. Since the amount of flow which passes through the BRE breaches is small
‘compared with the total flow in the Brahmaputra, the levels in the Brahmaputra will not changed
significantly by the sealing of breaches and, hence, levels in.these lower reaches of the Atrai river
will sim:ilarly not be affected. Water levels in the Lower Bangali, likewise; are tail water controiled
by levels in the Brahmaputra and these reaches will not be affected by sealing the BRE.

" ‘The area where the sealing of the BRE has the greatest imp}ii:t' is the Middie Bangali basin: here water
levels are significantly reduced. :

The impact of sealing the BRE on water levels in the Middle Bangali is illustrated in Figures 7.1 to
7.5. These figures show hydrographs at key locations with fand' without the BRE sealed. These
“hydrographs are for the 1988 flood season; this season was chosen because it was one of high water
levels in the Brahmaputra and thus the impact of sealing the BRE would be at its greatest. '

'S.ak‘i'akan(li‘,' Figure 7.1, is immediat_e!y_d_own_st_r’eam’of where the tlow through the main BRE breaches
‘at Fulchari enter the Bangali system. - At this location the reduction in peak water level as a result of
sealing BRE is in excess of 1 m. Reductions in water levels of this magnitude vceur throughout the
flood season from early July until the end of October. There are also smaller reductions in water
level, as a result of sealing the BRE, throughout May and June. The recession of the water level
hydrdgraph during Octaber is slightly quicker with the BRE sealed.
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Similar trends were found throughout most of the Middle Bangali. At Khanpur and Raiganj which are -
about 15 km to 20 km west of the BRE, the impact of sealing the breaches again reduced peak levels
by approximately 1 m. Much of the water which flows through the BRE breaches flows as overland
flow across the flood piains and along minor drainage channels in a northeast-southwest direction. _
Sealing the BRE breaches prevents much of this overland flow and aiso reduces spitlage on the right
bank ofthe Ichamati which would have entered the Bangali in the vicinity ot Khanpur and Raiganj.

Moving further downstream, the impact of sealing the breaches becomes less marked due to the
backwater influence imposed by the Brahmaputra at the outfail of Bangali in to the Hurasagar. This
can be seen at-Ullapara, Figure 7.2, whereby the impact of sealing the BRE on water levels is seen
to be greatly reduced. ' o '

Figure 7.3 and 7.4 show longitudinal profiles of peak levels along the Bangali and Ichamati rivers.
It is clear from these longitudinal profiles that the sealing of the BRE result in significant reductions
in peak water level. '

Impact on disdr_arges

' The impact ()'f__sealing the'BRE on dischafges in the Middle Bangali and Lower Bangali basins. is
‘illustrated in Figures 7.5 and 7.6. These figures show discharge hydrographs at key locations within

these' basins ‘with and without the BRE sealed. To ensure compatibility with the water level
hydrographs presented above these hydrographs are also for the 1988 flood season. ‘

At Sariakandi, Figure 7.5, the peak discharge is reduced trom about 5000 m*/s to less than 1000 m’/s
as a result 'of sealing the BRE; it must be noted that these discharges include the considerable
overland/floodplain flows and not just that in the river system itseltf. With the breaches.in the BRE
the discharge at Sariakandi is in excess of 1000 m™s throughout the period from early July until mid-
September. With the BRE sealed the discharge at Sariakandi only exceeds 500 m*/s for approximately
three weeks in September. : ' o

Similar reductiuné in How were _alsd seen at Khanpur, where the peak discharge is reduced by
approximately 50 % from 850 m'/s to 400 m/s, and at Nalkasengati, where the average discharge
throughout the flood season is reduced by approximately 50 % trom 800 m%/s to 350 m's.

Despite having on_'ly'a minor impact on water levels, Uilapara'discharges are reduced signiticantiy and
~average flood season discharge is reduced by approximately 50 % and the peak discharge is reduced
from 2500 m¥/s to 700 mYs, Figure 7.6. S

it is clear therefore that sealing of the BRE results in a significant reduction in peak flows throughout
the Middle and Lower Bangali basins and wiil give relief to the drainage congestion at the outfall of
the Hurasagar.

FAP-1 assessment of flooding due to breaches |

FAP-1 used a 1-D hydfodynamic model (MIKEL () of the right bank loodplain of the Brahmaputra
which included the Middle and Lower Bangali basins to determine the impact of flooding due to
breaches occurring at ditferent locations ir_\ the BRE (Ref 7. l).‘_ _ ' :

The impaét of breaches at six sites were investigated by FAP-1: these breaches were at the same

jocation as those used during calibration of the sub-regional model. The actual breach locations were
Fulchari, Mathurapara, Kazipur, Sonali, Sirajganj and Betil.” As well as investigating the impact of
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each iqdivigual breach FAP-1 also investigated the composite impact of all breaches. The results of
their investigation is summarised below. ' '

Compared with the case of no breaches the total flooded land increases by approximately 30 % when
all-six breaches in the BRE are considered. The total flooded areais not significantly increased by
the opening of any single breach, but, for some of the breaches the areas flooded to different depths
does change significantly.

T}le breaches at Sonali, Sirajgé.nj and Betil have little impact on the distribution of land flooded to
dlff_erent depths. The breaches at Kazipur, Fulchari and Mathurapara result in an increase in deeper
flooded land relative to shallower flooded land. '

The-breach at Mathurapara has the greatest single effect; this single breach results in an increase in
land flooded to a depth of more than 0.6 m of more than 100 %. The breaches at Fulchari and
Kazipur respectively have the next greatest effects on the proportion of deeply flooded land.

With ail the BRE breaches open approximately 80 % of the flooded land is flooded to depths in
excess of 0.6 m. ~ With all the BRE breaches sealed only 30 % of the flooded land is flooded to
depths in excess of 0.6 m. It must also be noted that the total flooded area is 30 % greater when all
" the BRE breaches are open than when the BRE is sealed. ' :

Flood phase analysis

Using the method described in Chapter 6, the flood phases for the Middle Bangali project area were
calculated under present conditions and with the BRE breaches sealed. The results of this analysis
are presented in Figure 7.7. In an average flood year, 1985, the area of FQ and F1 land is greatly
increased from less than 60% to over 90%. In a much more severe flood year, 1988, the increase
in FO and F1 land is changed from below 20% to over 60% if the breaches in the BRE are sealed.

‘This analysis supports the results found by FAP-1 that the area of deeply flooded land is significantly
* reduced by the sealing of the breaches in the BRE. With the BRE sealed a very large percentage of
the Middle Bangali project area falls within the FO and Fi flood phase categories. Flooding within
these flood phase categories is not, in genera, a restriction to agriculture and the sealing of the BRE
therefore reduces the flooding in the Middle Bangali project area to such an extent that it effectively
eliminates flooding as a major problem in average flood years.

7.3 Mofphblogi_cal impact of sealing the BRE
7.3.1 ‘The Bangali river system

The main rivers in the Middle Bangali planning unit are the Bangali, the Ichamati and the Karatoya,
The rivers foliow an essentially north-south course draining water to the Hurasagar and eventually
the Brahmapdtra. ‘ o . S

- In the early 1960°s the Brahmabu_tra right embankrﬁent was C_onstm’ctéd to prevent water and sediment
spilling out from the Brahmaputra into the Bangali river system. This would have had a significant

“impact on the rivers in the region; since the construction of the BRE the rivers of the Middle Bangali
hasin will have adjusted to these conditions. _ .
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In the‘absem}e of spillage from the Brahmaputra through the breaches in the BRE the major sources
of sediment is that brought _imo the system by the Bangali and Karatoya rivers.

To study the morphological conditions in the Bangali river system the sediment transport option of
MIKEI! was run, for selected years, to indicate the quantity of sediment transport that occurs

throughout the system. MIKE11 output was also used to determine regime discharges and hence used
to study the existing river regime and how this regime would be altered by future developments.

Where_fh'e Ichamati Spiils-from the Bangali a large proportion of the sediment passes down the
Ichamati. This sediment returns to the Bangali at the confluence with the Ichamati downstream, near
Nalkasengati.

Sediment tranisport rates in the Lower Bangali and the Durgadah, which spills from the Bangali a
short distance upstream of its confluence with the Ichamati, are low. This is probably due to
backwater effects from the Hurasagar caused by high water levels in the Brahmaputra. It is likely
that this results in long term sedimentation in this area. No historical information which would have
confirmed this was identified during the study. Lo

Regime calculations were carried out using the discharges generated by MIKE11. At locations where
spills through the BRE breaches have little impact on discharge, for example, at Bogra and
Mohimaganj, the predictions of regime theory for width and depth give satisfactory agreement with
the surveyed cross-sections.

732 Tmpact of spills through BRE breaches

A major recent impact on the morphology of the rivers in the Middle Bangali basin has been the
development of breaches in the BRE during the 1980’s. These breaches have had a major impact on
the' magnitude and distribution of flows in the rivers of the region; this is described in Section 7.2.
The spills through the BRE have also introduced large quantities of sediment into the rivers of the
region. :

‘The larger discharges in the Bangali appear to be causing a localised backwater effects, upstream of
'the major breach Iocations, on the Bangali river. The reduced flow velocities and increased flow
depths are reducing sediment transport rates at Mohimaganj. It is likely, therefore, that the spills
from the Brahmaputra are causing sediment deposition in this reach. A similar effect appears to be
occurring in the Ichamati causing sediment deposition in the reach upstream of where the breach
channel from the Kazipur breach meets the Ichamati.

Downstream of Simulbari, in both the Bangali and the Ichamati, the flows and sediment transport
rates are significantly increased. The increased quantities of sediment being transported within the
system are likely to be deposited in the Lower Bangali at points where water levels from the
Hurasagar exert an influence.

Regime calculations were carried out using the dischasges generated by MIKE11. In those reaches
"which are affected by spills through the BRE breaches, the results assuming no spills predict widths

and depths which are smaller than those observed. ~ This suggests that- the morphology. gf these
~ reaches of the river is being affected by spills from the Brahmaputra. If the existing conditions are
' maintained in the region and spills continue thrgugh breaches in the BRE then it is likely that the
affected lengths of the Bangali and the Ichamati will be subject to change. The channel widths and
| .depths will increase and the plan form of the river will become more sinuous.
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It would appear that the Middle Bangah river system is still adjustmg to this change in the flow and

~sediment regime which has resulted from the breaches in the BRE. The present system should
therefore not be regarded as being in equilibrium; continuing morphological development should be
expected if the present condmons are maintained., :

-7.3.3 " Impact of sealing the BRE breaches

If the breaches in the BRE are closed it is likely that the rivers of the M;ddte Bangall basin will return
to Londmons similar to those that existing prior to breaching.

[t s unclear whether or not the present morphology. of the Bangali river system ‘is “in regime’ with
the increased flows and sediment which passes through the breaches in the BRE. Given this situation
it 1s not possible to state pr eusely what the impact of sealing the BRE on river morphology wnl be.

it tt were assumed thdt the rivers of the Mlddle Bdngah basin are ’in regime’ with the present
conditions the likély impacts of seahnh, BRE breaches are,

- enhanced sedlment transport in reauhes lmmedmtely upstream of where the breach
chanrels join the main river system.

- reduced sediment transport in the downstream reaches of the Bangali and Tchamati.

- reduced sediment deposition in the reaches of the Lower Bangali where there is a
backwater effect from the Hurasagar,

- ‘a decrease in channel width and depth in those reaches Wthh are attected by sptlls
through the BRE breac.hcs :

- in the reaches which are affected by spifls through the BRE the river will exhibit a
tentiemy to follow a t.lrdxghter course.

| In addition to these changes in the morphology of the Bangali river system, the sealing ot the BRE
breaches will reduce sediment deposmon in the areay lmmt.dutely hehind the breaches and also in the
* areas adjacent to the breach channels.

Sealing of the breaches in the BRE adjacent to the Middle Bangali basin will not have an impact of
the morphology of the Brahmaputra river.
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- CHAPTER 8
SUB-REGIONAL MODEL -WITHOUT PROJECT CONDITION

8.1  Description
8.1.1 Generat

It must be stressed that the objective of the Without Project simulation was not to simulated observed
water level and discharge variations over the 25 year period from 1965 to 1989. It was to produce
data on water level and discharge variations over a period of 25 hydrological years. This simulation
included future developments within the sub-regional model area, which are at or near completion,
together with external future developments, such as '

- the completion of Naogaon polder
- the completion of the Barnai project
- the sealing of the BRE

This simulation provides baseline data for investigating and comparing the impacts of developments
proposed as part of the NWRS. : -

The ifnpaéfs of sealing the BRE are discussed in detail in Chapter 7.
8.1.2 Boundary conditions

In order to carry out a 25 year model simulations 25 years of hydrological data were required at the
mode! boundary locations for the period 1965-89. This information was not availabie at all boundary
stations, At discharge boundaries where water level; but not discharge data, was available for the
réquired duration rating equations were used to generate the required hydrological information.: At
all boundary stations consistency checking and some infilling was carried out to obtain a complete
dataset. . ' ' -

At Baghabari, the downstream water level boundary, it had been planned to use the simulated water
levels from Run 6 of the General Model carried out by FAP 25. Analysis of the Run 6 model results
at Baghabari, however, revéaled that the peak water levels were generally lower, by over 0.7m in
some cases, than those observed. In addition the 1:20 year one day maximum level generated from
the FAP 25 results was about-0.5m lower than that calculated from the observed data; although this
should be viewed with slight caution as the observed data set only extends for about 12 years.

Use of this FAP 25 data would have resulted in statistically utirep_resentative water level results in the
Lower Atrai and this would have implications regarding levels of flood protection and the coslings
of associated works. Bearing this in mind, the NWRS team decided to use observed water levels at
the downstream boundary. Where the observed data was not available at Baghabari the boundary data
was synthesised from nearby stations which had a !o_nger records. This was felt to be acceptable as
this area is totally dominated by backwater and the water level _s!opes are very small.

813 Ihternal developments
The internal dev'elopments which were Sirni_xlaied in the Without Project simulation are the Barnai

“project and the Naogaon Polder project. For the purposes of this simuiation it is assumed these

projects are completed as planned and that they continue to function as planned in the future.
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The Naogaon Polder Project is. between the river Atrai and the Little Jamuna on the north bank of
the Atrai. The majority of the embankments for the project are complete. The regulators at the
dOWn_Str_eam end of the project are currently being constructed. The regulators together with the
remainder of the embankments should be completed within the next year.

The Barnai project is on the south side of the Shib-Barnai river. It extends from approXimately 5 km
ups?rean.l of Nowhata in the west to Naldanga railway bridge in the east; the eastern limit of the
project is the railway line. All the embankments and regulators of the Barnai project are now
completed; the project was operable from the 1992 monsoon season.

8.2 Impact of internal developments

Naogaon Polder

~Under present conditions Naogaon Polder acts as a flood storage area on the north bank of the Atrai.
As water levels in the Atrai rise flood waters spill into Naogaon Polder. This water is stored in the
polder until a reduction in water levels in the Atrai permit drainage. By acting as a flood storage area
Naogaon Polder will result in some degree of flood attenuation along the downstream reaches of the -
Atrat. : -

Figure 8.1 illustrates the impact of closing Naogaon Polder on water levels in the Atrai. This figure
. shows water level hydrographs for 1987 at Rasulpur which is adjacent to the ‘Naogaon Polder
regulators with Naogaon Polder open and closed. Hydrographs for 1987 are used in this figure since
in 1987 flooding problems resulted from high river flows rather than backwater effects, The parts
of the Atrai basin which will be affected by the closing of Naogaon Polder are in the fluvial zone -
- water levels predominantly depend on the flow in the river.

Completion of Naogaon Polder does not have a dominant effect on water levels in the Atrai. Under
present conditions water passes into Naogaon Polder as the Atrai levels rise. Closure of the polder
opening results in a increase ini water levels on the rising limbs of the hydrograph. Under present
conditions, as water returns from storage the recessions limbs have a slower fall off rate, and this can
be particularly seen on the final recession. . At peak levels, completion of Naogaon Polder has little
affect. The impact of sealing Naogaon Polder on water levels further downstream is likely diminish

" because in these lower reaches the levels become dominated by backwater effects rather than fluvial
flows entering from upstream reaches.

Barnai Project

Under present conditions the area covered by the Barnai project acts as a floodplain which, under
monsoon conditions, conveys flow parallel to the Shib-Barnai river along the northern border of the
project area. The sealing of the Barnai project will eliminate this flood plain as a spillage/flow area.
This will resuit in 2 reduced cross-sectionat area of flow and is likely to raise water levels in the river

system.

- A long profile along the Shib-Barnai is shown in Figure 8.2 and this clearly illustrates the impac_;t_ of
completion of the Barnai project on water levels in the Shib-Barnai, for 1987. In 1987 flooding
- problems resulted from high river flows rather than backwater effects from the Brahmaputra and this
- demonstrates best the impact of confinement effects. . .

At Nowhata, about Skm downstream of the wéstem limit of the project, peak water levels are
increased by about 0.8 m. At Bagmara, at the confluence of the Barnai and the Fakirni, the impact
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is very similar to that at Nowhata with peak water levels increasing by around 1 m.

The water level hydrographs at these locations indicated that levels would be increased throughout

. the period from early July until mid October. 'The hydrographs at Bagmara also showed that the

fluctuation in water Jevels was gréater after completion of the Barnai project as the attenuating effect
of the flood plain on the right bank of the Shib-Barnai has been removed.

Water levels in the Fikirni were also seen to be affected with ]evels;iSing to the same order as those
in the Shib-Barnai and this could affect the drainage from Polder D in to the Fakirni. There is also
an increase in levels along the Shib to the west of Polder D; which is a location where numerous
pubhc cuts having taken place in the past. The drainage flows across Polder D, however, are uniikely

_to reduce mgmﬁcanliy as the diffential head between the boundary rivers will remain similar.

Nevertheless, water levels within Polder D are likely to be increased, parm,ularly :f the polder
embankments area cut or breached :

: .Comparassn of the d:scharge hydrographs at Nowhdta and Bagmara revealed that dlscharges will -

reduce ‘at both sites. At Nowhata the impact is only slight whereas at Bagmara the impact is
sxgmﬁgantly greater. This is accounted for by the fact that the main source of flow in the Shib-Barnai
river is rainfall-runoff. The embankments of the Barnai project reduce the runoff which reaches the
river from the right bank and the higher levels in the upper reaches of the Shib will allow more water
to go in to temporary storage either within Polder I or at the foot of the Barind area to the west.

“There may also be an impact of reduced flows from the Atrai down the Fakirni due to the higher tail

water levels at Bagmara.

Cha!an Beel Pold’er D

_One area in which the raising of water levels along the Shib-Barnai will have a significant impact is

in Chalan Beel Polder D. This is best illustrated by considering the flood phases with and without the
completion of the Barnai Project, Table 8.1 and Figure 8.3.

TABLE 8.1

Flood phases in Chalan Beel Polder D with and wnthout the
Barnai project closed

S l Without Barnai project closed ﬂim Barnai project closed

The rise m water levels in the Sh:b—Barnal and downstream reaches of the Fiklrm which result from

“the ulosmg of the Barnai project make thé flooding conditions in Chalan Beel Polder D significantly

worse;. this analysis assumes the western embankment is.cut, As far as agricultural productivity is
concerned the percentage of FO and Fi land is critical. Completlon of the embankmems on the

Barnai projea,t reduces this trom 48% t0 38%.
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8.3 Analysis of results of Without Project simulation

8.3.1 Water levels

Hydrologlcal analysns was. carried out on the 25 year time séries of water levels at key points within
the Lower Atrai basin. The results of the Without Project simulation were analysed on a 10 day basis
to give minimum, meaniand maximum water levels for each decade. In addition, return permd water
levels were calculated for 2, 5 1Q, 20, 50 and 100 years.

The water levels with dlfferent return periods were compared with those calculated from field
observations; this comparlson mdlcated that levels in the Atral would remain similar to those at
present.. In making such a comparison it must be recalled that the Without Project simulation assumes
the presence of the breaches and public' cuts which ‘occurred during the 1991 monsoon period
throughout the 25 years of model simulation. In reality the breaches and public cuts will vary from -
one season to the other; 51gn1ﬁcantly different drainage patterns may have occurred in the past

~ Figure 8.4 shows the maximum level envelope of peak levels along the Atral river tor the five year
simulation 1985-89. . The figure clearly demonstrates the strong backwater influence of the
Brahmaputra which dommates throughout most of the middle and lower reaches. The peak levels are
approxnmately the same as those for present condmons in the Lower Atrai.

ThL compietlon of the Naogaon Polder iject and Bdl‘ﬂdt Project in the Lower Atrai basm will have
1o lmpact on water levels in the Middle and Lower Bangali basins. “The Without Project conditions
~ in these basins are ¢xactly the same as those in the simulation with the BRE sealed; this simulation
is’ reported in Chapter 7.

8 3.2 Dlscharge d:stnbutmn

The maximum dlscharges 51mu|ated in the Wlthout Pl‘OjeCt run in the main channels and dmmage
routes in the Lower Atrai basin are shown in Figure 8.5.

Approxzmately 50% of the flow in the Sh;b-Barnal river passes throuoh the breaches in the west
~ embankment of Chalan Beel Polder D. This flow passes across the polder, SpI"S into the Fikirni river
and rejoins the Shib-Barnai at Bagmara. Approxlmately 30% of the flow in the Atrai passes down
the F:klrm into the Shlb Ba:nal at Bagmara and [‘B_]OIIIS the Atral at Cham,hkmr

' A short d:stam.e downstream of Jotebazar approx:mately 25% of the remaining ﬂow in the Atrai spills
into Chalan Beel Polder C through breaches. This flow passes across the polder and rejoins the Atrai
 a short distance downstream of Singra. A large dlscharﬂe also flows parallel to the Atrai river across

the lower parts of Bogra Polders 2 and 3. This tlow continues across the Bhadai river and Bogra

Polder 4 before passing through the Taras embankment and into the lower parts of SIRDP. Flow also
“occurs parallel to the Atrai on the southern bank in the lower reaches of Chalan Beel Polders A and

B.
Hydraullcally the Lower Atrai basm can be thought of as consisting of three paralle! drainage paths

‘with the central one being the Atrai. On the southern side the drainage path is across the Chalan Beel
_ Polders whllst on the northern 31de it is across the Bogra Polders and- into SIRDP
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